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 Summary 
1- A total of 31 normal hearts were obtained from 20 adult camels (19 
females and 1 male) and 11 camel fetuses; the age of the fetuses ranged 
between 119-330 days of pregnancy. These hearts were used for gross 
anatomical studies. 
2- The weight of the heart ranged between 1.3-3.7 kg; the pericardial fat 
ranged between 0.1-0.6 kg; the epicardial fat ranged between 0.15 -0.5 kg; 
and the total fat ranged between 0.25-1.03 kg. 
3- The myocardial bridges were found in 18 out of the 20 hearts in the adult 
(90%). Of these, 15 had myocardial bridges on both subsinuosal and 
paraconal interventricular branches (82.3%); two had myocardial bridges 
on subsinuosal branch (11.8%) and only one had myocardial bridges on 
paraconal branch (5.9%). 
4- Two types of myocardial bridges were seen in this study; Type I: the 
descending interventricular subsinuosal or paraconal branches were 
bridged by one or two bands of cardiac muscle. Type II: the descending 
interventricular subsinuosal or paraconal branches were noticed to dip in 
the myocardium without reappearing. 
5- 15 hearts (82.3%) showed myocardial bridges over both paraconal and 
subsinuosal interventicular arteries. The bridges which were associated 
with the paraconal interventricular artery (left side of the heart) were 
mostly the Type I category (86.7%); Type II category represented 
(13.3%). Bridges associated with the subsinuosal interventricular artery 
(right side of the heart) were mostly of Type II category (66.7%); Type I 
category represented (33.3%). Two myocardial bridges (11.7%) were 
found solely in relation to the subsinuosal interventricular branch and the 
ratio of Type I to Type II category was 50/50. Only one heart has shown 
myocardial bridge over paraconal interventricularn branch of the Type I.  
 6- Eight out of eleven hearts of fetuses had myocardial bridges (72.7%); 
seven hearts had myocardial bridges of Type II category in the subsinuosal 
interventricular branch, (87.5%); only one heart showed myocardial 
bridges on both sides (12.5%). In this heart Type I category was observed 
over the subsinuosal interventricular branch whereas Type II category was 
confined to the paraconal interventricular branch.  
7- Venous drainage of the heart was studied in 5 hearts injected with blue 
vinyl acetate.  Two main veins drained the heart; the great cardiac vein 
and the middle cardiac vein. The great cardiac vein was joined by the left 
azygos vein to form the coronary sinus which opened in the right atrium. 
8- The innervation of the heart was studied in two camel fetuses. The 
parasympathetic innervation was mainly from the vagus nerve.  
9- Ten hearts were used for histological studies. Samples were taken from 
the following structures: myocardial bridges, myocardium proximal and 
distal to the bridges, coronary arteries, interventricular branches directly 
underneath the bridges, interventricular branches proximal and distal to 
the bridges.  
10- The histological structure of the cardiac muscle whether from the bridge, 
proximal, or distal to it, showed no differences except that the adipose 
tissue was observed in the cardiac muscle of the bridge. 
11- The coronary arteries showed large amounts of elastic fibers in the tunica 
media contrary to the interventricular branches where the elastic fibers 
characterized the tunica adventitia. 
12- The tunics of the segment of the interventricular branch directly 
underneath the myocardial bridges were obviously compressed.  
13- PAS- positive diastase resistant material was detected in the myocardial 
bridges and the ventricular myocardium proximal and distal to the bridge.   
14- Glycogen particles were found in the cardiac muscle fibers and around 
the adipocytes. 
 15- Blood samples were taken from 6 females and one male which showed 
myocardial bridges in their hearts; the blood samples were analyzed 
biochemically for recording the values of creatine kinase (CK) and cardiac 
troponin (T) enzymes. Values recorded for (CK) ranged from 25 to 48 I/U. 
As for troponin, it was only detected in one sample.     
16- The tests for acid and alkaline phosphatases in the cardiac muscle were 
negative. 
17- Seven fresh hearts were used to study the total lipids, triglycerides and 
phospholipids by biochemical analysis. The following values were 
obtained: total lipids ranged from 18.62 to 22.55 g (0.84%), triglycerides 
ranged from 2.23 to 3.43 g (0.11%), and phospholipids ranged from 0.37 
to 0.60 g (0.019%) 
  
   ﺔﻣﻠﺨﺺ اﻻﻃﺮوﺣ
 91) ﺔﻣﻦ هﺬﻩ اﻟﻌﻴﻨﺎت ﻻﺑﻞ ﺑﺎﻟﻐ 02ﻣﻦ ﻗﻠﻮب اﻻﺑﻞ وﺣﻴﺪة اﻟﺴﻨﺎم،  ﺔﻋﻴﻨ 13ﻋﻠﻰ  ﺔأﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳ - 1
وهﺬﻩ اﻟﻌﻴﻨﺎت  ﻳﻮم 033-911اﻋﻤﺎرهﺎ ﺑﻴﻦ ﺗﺮاوﺣﺖ  واﻟﺘﻰ ةﺟﻨﺔ اﻻﺑﻞ ﻗﺒﻞ اﻟﻮﻻدﻣﻦ أ 11و( ذآﺮ 1اﻧﺜﻰ، 
.                         اﻟﺘﻰ ﺗﻐﻄﻴﻬﺎ ﺔاﻟﻌﻀﻠﻴ اﻟﺠﺴﻮراﺳﺘﺨﺪﻣﺖ ﻟﺪراﺳﺔ اﻟﺸﻜﻞ اﻟﻈﺎهﺮى ﻟﻠﻘﻠﺐ واﻟﺸﺮاﻳﻴﻦ اﻟﺘﻰ ﺗﻐﺬى اﻟﻘﻠﺐ و 
آﺠﻢ، اﻣﺎ اوزان اﻟﺪهﻮن اﻟﺘﻰ ﺗﻐﻄﻰ اﻟﺘﺎﻣﻮر  7.3-3.1ﺑﻴﻦ  ﺔﺗﺮاوﺣﺖ اوزان اﻟﻘﻠﻮب ﻟﻼﺑﻞ اﻟﺒﺎﻟﻐ - 2
آﺠﻢ اﻣﺎ اﻟﻮزن  5.0-51.0ﺗﺮاوﺣﺖ ﺑﻴﻦ  ﻨﺨﺎبآﺠﻢ واوزان اﻟﺪهﻮن اﻟﺘﻰ ﺗﻐﻄﻰ اﻟ 6.0- 1.0ﻓﺘﺮاوﺣﺖ ﺑﻴﻦ 
 .            آﺠﻢ 30.1- 52.0اﻟﻜﻠﻰ ﻟﻠﺪهﻮن اﻟﺘﻰ ﺗﻐﻄﻰ اﻟﻘﻠﺐ ﻓﻜﺎن 
 ﺔﺑﻨﺴﺒ ﻗﻠﺐ 81ﻓﻰ  ﺑﻴﻦ اﻟﺒﻄﻴﻨﻴﻦﺮاﻳﻴﻦ ﺗﻐﻄﻰ اﻟﺸ ﺔﻋﻀﻠﻴ ﺟﺴﻮرﺗﻢ اﻟﻌﺜﻮر ﻋﻠﻰ  ﺔﻓﻰ اﻻﺑﻞ اﻟﺒﺎﻟﻐ - 3
اﻟﺸﺮاﻳﻴﻦ ﺑﻴﻦ اﻟﺒﻄﻴﻨﻴﻦ ﺗﺤﺖ اﻟﺠﻴﺒﻰ وﺟﻨﻴﺐ ﻓﻰ  ﺔاﻟﻌﻀﻠﻴ ﺠﺴﻮروﺟﺪت ﻓﻴﻬﺎ اﻟ ﻗﻠﺐ 51ﻣﻨﻬﺎ   ،09%
و  8.11%ﻓﻘﻂ ﺑﻨﺴﺒﺔ اﻟﺸﺮﻳﺎن ﺑﻴﻦ اﻟﺒﻄﻴﻨﻴﻦ ﺗﺤﺖ اﻟﺠﻴﺒﻰ ﻓﻰ  ﻣﻨﻬﺎ ﻗﻠﺒﺎنو 3.28%ﺑﻨﺴﺒﺔ  ﻣﻌًﺎاﻟﻤﺨﺮوﻃﻲ 
.                                                            9.5%ﻓﻘﻂ ﺑﻨﺴﺒﺔ ﻰ اﻟﺸﺮﻳﺎن ﺑﻴﻦ اﻟﺒﻄﻴﻨﻴﻦ ﺟﻨﻴﺐ اﻟﻤﺨﺮوﻃﻓﻰ  ﻗﻠﺐ واﺣﺪ
اﻟﺸﺮﻳﺎن او  ﺗﺤﺖ اﻟﺠﻴﺒﻰ اﻟﻨﻮع اﻻول  ﻳﻐﻄﻰ اﻟﺸﺮﻳﺎن: ﺔاﻟﻌﻀﻠﻴ ﺠﺴﻮرﺗﻢ اﻟﻌﺜﻮر ﻋﻠﻰ ﻧﻮﻋﻴﻦ ﻣﻦ اﻟ -4 
، اﻣﺎ  وﻣﻦ ﺛﻢ ﻳﻮاﺻﻞ ﻣﺴﺎرﻩ ﻓﻮق ﺳﻄﺢ اﻟﻘﻠﺐ ﺔﻓﻰ ﻣﻮﻗﻊ واﺣﺪ او اﺛﻨﻴﻦ ﺑﻤﺴﺎﺣﺎت ﻣﺨﺘﻠﻔﺟﻨﻴﺐ اﻟﻤﺨﺮوﻃﻰ 
ﻣﻦ ﻣﺮاﺣﻞ ﻣﺴﺎرﻩ اﻋﻠﻰ، وﺳﻂ او اﺳﻔﻞ  ﺔﻓﻰ اى ﻣﺮﺣﻠ ﺔﻓﻰ اﻟﻨﻮع اﻟﺜﺎﻧﻰ ﻓﻴﻐﻄﻰ اﻟﺸﺮﻳﺎن ﺑﺎﻟﻌﻀﻼت اﻟﻘﻠﺒﻴ
  .                                          اﻻﺧﺪود ﺛﻢ ﻻﻳﻌﺎود اﻟﻈﻬﻮر ﻣﺮﻩ اﺧﺮى ﻋﻠﻰ ﺳﻄﺢ اﻟﻘﻠﺐ
 ﺔاﻟﻌﻀﻠﻴ ﺠﺴﻮراﻟ .7.28% ﺑﻨﺴﺒﺔ ﻗﻠﺐ 51ﻓﻰ  اﻟﻴﻤﻨﻰ واﻟﻴﺴﺮى اﻟﺠﻬﺘﻴﻦﻓﻰ  ﺔاﻟﻌﻀﻠﻴ ﺠﺴﻮرﺷﻮهﺪت اﻟ - 5
وآﺎﻧﺖ ﻓﻴﻪ ﻣﻦ   3.68% ﺑﻨﺴﺒﺔ ﺟﻨﻴﺐ اﻟﻤﺨﺮوﻃﻰ ﺑﻴﻦ اﻟﺒﻄﻴﻨﻴﻦ ﻟﻠﺸﺮﻳﺎن ﺔﻣﻦ اﻟﻨﻮع اﻻول آﺎﻧﺖ ﻣﻼزﻣ
اﻟﺘﻰ  ﺔاﻟﻌﻀﻠﻴ ﺠﺴﻮرﻓﻜﺎﻧﺖ ﻏﺎﻟﺒﻴﺔ اﻟ ﺗﺤﺖ اﻟﺠﻴﺒﻰ ﺑﻴﻦ اﻟﺒﻄﻴﻨﻴﻦ اﻣﺎ اﻟﺸﺮﻳﺎن . 3.31% ﻧﺴﺒﺔ اﻟﺜﺎﻧﻰاﻟﻨﻮع 
 ﺔوﺟﺪت اﻟﺠﺴﻮر اﻟﻌﻀﻠﻴ .3.33% ﻓﻜﺎﻧﺖ ﻧﺴﺒﺘﻪ ، اﻣﺎ اﻟﻨﻮع اﻻول6.66%ﺗﻐﻄﻴﻪ ﻣﻦ اﻟﻨﻮع اﻟﺜﺎﻧﻰ ﺑﻨﺴﺒﺔ 
اﻟﻨﻮع اﻻول  ﺔﺗﺤﺖ اﻟﺠﻴﺒﻰ وآﺎﻧﺖ ﻧﺴﺒ ﺑﻴﻦ اﻟﺒﻄﻴﻨﻴﻦ ﺑﺎﻟﺸﺮﻳﺎن ﺔاﻟﻴﻤﻨﻰ ﻓﻰ ﻗﻠﺒﻴﻦ ﻓﻘﻂ ﻟﻬﺎ ﻋﻼﻗ ﺔﻓﻰ اﻟﺠﻬ
اﻟﻴﺴﺮى ﻓﻘﻂ ﻓﻜﺎﻧﺖ ﻓﻰ ﻗﻠﺐ واﺣﺪ  ﺔاﻟﺘﻰ وﺟﺪت ﻓﻰ اﻟﺠﻬ ﺔاﻣﺎ اﻟﺠﺴﻮر اﻟﻌﻀﻠﻴ. واﻟﻨﻮع اﻟﺜﺎﻧﻰ ﻣﺘﺴﺎوﻳﺘﻴﻦ
                 .لوآﺎﻧﺖ ﻣﻦ اﻟﻨﻮع اﻻو
 ﺔ،  ﺳﺒﻌ7.27%ﺑﻨﺴﺒﺔ  ﻗﻠﺐ 11ﻣﻦ إﺟﻤﺎﻟﻰ  ﻗﻠﻮب 8ﻓﻰ  ﺔﻓﻰ ﻗﻠﻮب اﻻﺟﻨ ﺔاﻟﻌﻀﻠﻴ ﺠﺴﻮراﻟﺷﻮهﺪت  - 6
هﻨﺎﻟﻚ ﻗﻠﺐ . 5.78%وﻣﻦ اﻟﻨﻮع اﻟﺜﺎﻧﻰ ﺑﻨﺴﺒﺔ  ﺑﻴﻦ اﻟﺒﻄﻴﻨﻴﻦ ﺗﺤﺖ اﻟﺠﻴﺒﻰ اﻟﺸﺮﻳﺎنآﺎﻧﺖ ﺟﻤﻴﻌﻬﺎ ﻓﻰ  ﻗﻠﻮب
ﻟﻮﺣﻆ  ﺔﺠﺴﻮر اﻟﻌﻀﻠﻴاﻟﻨﻮع اﻻول ﻣﻦ اﻟ ،5.21% ﺑﻨﺴﺒﺔ ﺠﻬﺘﻴﻦﻓﻰ اﻟ ﺔاﻟﻌﻀﻠﻴ ﺠﺴﻮرﻇﻬﺮت ﻋﻠﻴﻪ اﻟ واﺣﺪ
ﺟﻨﻴﺐ  ﻓﻰ اﻟﺸﺮﻳﺎن ﺑﻴﻦ اﻟﺒﻄﻴﻨﻴﻦ ﺗﺤﺖ اﻟﺠﻴﺒﻰ، اﻣﺎ اﻟﻨﻮع اﻟﺜﺎﻧﻰ ﻓﺸﻮهﺪ ﻓﻰ اﻟﺸﺮﻳﺎن ﺑﻴﻦ اﻟﺒﻄﻴﻨﻴﻦ
   .اﻟﻤﺨﺮوﻃﻰ
، وﺟﺪ ة اﻟﻔﻴﻨﺎﻳﻞ أﺳﺘﻴﺖ اﻟﺰرﻗﺎءﺑﻌﺪ ﺣﻘﻨﻬﺎ ﺑﻤﺎد ﻗﻠﻮب 5اﻟﺘﻰ ﺗﺼﺮف اﻟﻘﻠﺐ ﻓﻰ  ةدراﺳﺔ اﻻورد أﺟﺮﻳﺖ - 7
اﻟﻮرﻳﺪ اﻟﻘﻠﺒﻰ اﻟﻜﺒﻴﺮ و اﻟﻮرﻳﺪ اﻟﻘﻠﺒﻰ : اﻟﻘﻠﺐ وهﻤﺎ ان هﻨﺎﻟﻚ ورﻳﺪﻳﻦ اﺳﺎﺳﻴﻴﻦ ﻟﺘﺼﺮﻳﻒ اﻟﺪم اﻟﻮرﻳﺪى ﻣﻦ
 واﻟﺬى ﻳﺼﺐ ﺑﺪورﻩ ﻟﻴﻜﻮﻧﺎن اﻟﺠﻴﺐ اﻟﺘﺎﺟﻰ  اﻟﻮرﻳﺪ اﻟﻘﻠﺒﻰ اﻟﻜﺒﻴﺮ ﻣﻊ اﻟﻮرﻳﺪ اﻟﻤﻔﺮد اﻻﻳﺴﺮ ﻳﻨﺪﻣﺞ .اﻟﻤﺘﻮﺳﻂ
      .                                                                                            ﻓﻰ اﻻذﻳﻦ اﻻﻳﻤﻦ
ﻓﻰ  ﺔدراﺳﺔ إﻋﺼﺎب اﻟﻘﻠﺐ ﻓﻰ ﻋﺪد اﺛﻨﻴﻦ ﻣﻦ اﺟﻨﺔ اﻻﺑﻞ وذﻟﻚ ﻟﺼﻌﻮﺑﺔ دراﺳﺘﻬﺎ ﻓﻰ اﻻﺑﻞ اﻟﺒﺎﻟﻐ أﺟﺮﻳﺖ - 8
 وذﻳﻠﻴًﺎ ﺗﻨﺸﺄ ﻗﺤﻔﻴًﺎ ﺔودى ﻳﺎﺗﻰ ﻣﻦ اﻟﻌﺼﺐ اﻟﺘﺎﺋﻪ ﻓﻰ ﺷﻜﻞ أﻋﺼﺎب ﻗﻠﺒﻴاﻟﻼوﺟﺪ ان إﻋﺼﺎب اﻟﻘﻠﺐ . اﻟﻤﺴﻠﺦ
                                   .                                   ﻟﻤﻨﺸﺄ اﻟﻌﺼﺐ اﻟﺤﻨﺠﺮى اﻟﺮاﺟﻊ
 ﻴًﺎﻗﺎﺻ، ﻋﻀﻼت اﻟﺒﻄﻴﻦ ﺔاﻟﻌﻀﻠﻴ ﺠﺴﻮرواﺧﺬت اﻟﻌﻴﻨﺎت ﻣﻦ اﻟ ﻗﻠﻮب 01ﻓﻰ  ﺔاﻟﻨﺴﺠﻴ ﺔاﻟﺪراﺳ ﺗﻤﺖ - 9
، ﺗﺤﺖ ﺔاﻟﻌﻀﻠﻴ ﺠﺴﻮر، اﻟﺸﺮﻳﺎن ﺑﻴﻦ اﻟﺒﻄﻴﻨﻴﻦ ﻗﺒﻞ دﺧﻮﻟﻪ ﻓﻰ اﻟﺔ، اﻟﺸﺮاﻳﻴﻦ اﻟﺘﺎﺟﻴﺠﺴﻮرﻬﺬﻩ اﻟﻟ وداﻧﻴًﺎ
  .      (اﻟﻨﻮع اﻻول ﻣﻦ ﺔاﻟﺠﺴﻮر اﻟﻌﻀﻠﻴ ﻓﻰ ﺣﺎﻟﺔ) ﺔﻴاﻟﻌﻀﻠ ﺠﺴﻮر، وﺑﻌﺪ ﺧﺮوﺟﻪ ﻣﻦ اﻟﺔاﻟﻌﻀﻠﻴ اﻟﺠﺴﻮر
هﻰ  ﺔاﻟﻌﻀﻠﻴ ﻟﻠﺠﺴﻮر وداﻧﻴًﺎ ﻴًﺎﻗﺎﺻ وﻋﻀﻼت اﻟﺒﻄﻴﻦ ﺔاﻟﻌﻀﻠﻴ ﺠﺴﻮروﺟﺪ ان ﻋﻀﻼت اﻟﻘﻠﺐ ﻓﻰ اﻟ -01
اآﺒﺮ ﺑﻴﻦ  ﺔﺑﻜﻤﻴ ﺔ، ﻋﺪا وﺟﻮد اﻟﺨﻼﻳﺎ اﻟﺪهﻨﻴاﻻﺧﺮى ﺔﺑﺎﻟﻌﻀﻼت اﻟﻘﻠﺒﻴ ﺔﺷﺒﻴﻬ ﺔﻋﺒﺎرﻩ ﻋﻦ ﻋﻀﻼت ﻗﻠﺒﻴ
.                                                                                                ﺔاﻟﻌﻀﻠﻴ راﻟﺠﺴﻮاﻟﻴﺎف ﻋﻀﻼت اﻟﻘﻠﺐ ﻓﻰ 
 ﻏﻼﻟﺘﻬﺎ  ﻓﻰ ﺔﺣﻴﺚ ﺗﻜﺜﺮ اﻻﻟﻴﺎف اﻟﻤﺮﻧ ﺔﻣﺮﻧﻋﻦ ﺷﺮاﻳﻴﻦ  ةهﻰ ﻋﺒﺎر ﺔوﺟﺪ ان اﻟﺸﺮاﻳﻴﻦ اﻟﺘﺎﺟﻴ -11
 ﺔاﻟﻐﻼﻟﻓﻰ  ﺔاﻟﺬى ﺗﻈﻬﺮ ﻓﻴﻪ اﻻﻟﻴﺎف اﻟﻤﺮﻧ ﻨﻴﻦﺑﻴﻦ اﻟﺒﻄﻴﻓﻰ اﻟﺸﺮﻳﺎن  ةاآﺒﺮ ﻣﻦ ﺗﻠﻚ اﻟﻤﻮﺟﻮد ﺔاﻟﻮﺳﻄﻰ ﺑﻜﻤﻴ
  .                                                                                                               ﺔاﻟﺒﺮاﻧﻴ
  .                         ﺔﻣﻀﻐﻮﻃ ﺔاﻟﻌﻀﻠﻴ ﺠﺴﻮراﻟﺸﺮﻳﺎن ﺑﻴﻦ اﻟﺒﻄﻴﻨﻴﻦ ﺗﺤﺖ اﻟ ﻏﻼﻻت ﺮﻈﻬﺗ -21
ﺑﻮاﺳﻄﺔ ﻣﺎدة ﻋﺪﻳﺪ اﻟﺴﻜﺮﻳﺪ اﻟﻤﻘﺎوم ﻟﺨﻤﻴﺮة اﻟﺪﻳﺎﺳﺘﻴﺰ ﻓﻰ ﻋﻀﻼت  ﺔﺗﻤﺖ دراﺳﺔ اﻟﻜﻴﻤﻴﺎء اﻟﻨﺴﺠﻴ -31
  .                                             ﺔاﻟﻌﻀﻠﻴ ﻟﻠﺠﺴﻮر ﺔواﻟﺪاﻧﻴ ﺔاﻟﻘﺎﺻﻴوﻋﻀﻼت اﻟﺒﻄﻴﻦ  ﺔاﻟﻌﻀﻠﻴ ﺠﺴﻮراﻟ
اﻟﺘﻰ ﺗﻮﺟﺪ ﺑﻴﻦ اﻻﻟﻴﺎف  ﺔﻳﺎ اﻟﺪهﻨﻴوآﺬﻟﻚ ﺣﻮل اﻟﺨﻼ ﺔﺗﻈﻬﺮ ﺟﺰﻳﺌﺎت اﻟﺠﻠﻴﻜﻮﺟﻴﻦ ﻓﻰ اﻻﻟﻴﺎف اﻟﻌﻀﻠﻴ -41
  .                                                                                                      ﺔاﻟﻌﻀﻠﻴ
واﺣﺪ، ﺟﻤﻴﻌﻬﺎ  اﻧﺎث وذآﺮ 6ﻓﻰ ﻋﻴﻨﺎت دم ﻣﻦ  ﺎﺗﻴﻦ آﺎﻳﻨﻴﺰ واﻟﺘﺮوﺑﻮﻧﻴﻦ اﻟﻘﻠﺒﻰﺗﻤﺖ دراﺳﺔ اﻟﻜﺮﻳ -51
، اﻣﺎ اﻟﺘﺮوﺑﻮﻧﻴﻦ اﻟﻘﻠﺒﻰ ﺔدوﻟﻴ ةوﺣﺪ 84و  52ﺗﺮاوﺣﺖ ﻗﻴﻢ اﻟﻜﺮﻳﺎﺗﻴﻦ آﺎﻳﻨﻴﺰ ﺑﻴﻦ  .ﺔﻋﻀﻠﻴ ﺟﺴﻮرًا ﻳﻈﻬﺮ ﺑﻬﺎ
  .                             ﻓﻘﻂ ةواﺣﺪ ﺔﻓﻰ ﻋﻴﻨ ﻓﻮﺟﺪ ﻣﻮﺟﺒًﺎ
 ًﺎﺳﺎﻟﺒ ﺗﻔﺎﻋًﻼ ﻟﻬﺎ ﺔواﻟﺪاﻧﻴ ﺔاﻟﻘﺎﺻﻴوﻋﻀﻼت اﻟﺒﻄﻴﻦ  ﺔاﻟﻌﻀﻠﻴ ﺠﺴﻮرﻓﻰ اﻟ ﺔاﻟﻌﻀﻼت اﻟﻘﻠﺒﻴﻇﻬﺮت أ -61
  .                                                   ﺬﻟﻚ اﻧﺰﻳﻢ اﻟﻔﻮﺳﻔﺎﺗﻴﺰ اﻟﻘﻠﻮىﻻﻧﺰﻳﻢ اﻟﻔﻮﺳﻔﺎﺗﻴﺰ اﻟﺤﻤﻀﻰ وآ
ﻣѧﻦ ﻗﻠѧﻮب اﻻﺑѧﻞ  ﺳѧﺒﻌﺔ ﻓѧﻰ  ﺔداﺧѧﻞ اﻟﻌﻀѧﻼت اﻟﻘﻠﺒﻴѧ  ةﻟﻠѧﺪهﻮن اﻟﻤﻮﺟѧﻮد  ﺔﺣﻴﻮﻳѧ  ﺔآﻴﻤﻴﺎﺋﻴ ﺔدراﺳ أﺟﺮﻳﺖ -71
 ﺑﻠﻐѧѧﺖ ﺔﻣﺌﻮﻳѧѧ ﺔﺟѧѧﻢ ﺑﻨﺴѧѧﺒ 55.22و  26.81اﻟﺘѧѧﻰ ﺗﺮاوﺣѧѧﺖ ﺑѧѧﻴﻦ  ﺔﺳѧѧﺔ ﻟﻠѧѧﺪهﻮن اﻟﻜﻠﻴѧѧ اﻟѧѧﺪر ، وذﻟѧѧﻚﺔاﻟﻄﺎزﺟѧѧ
 ﺔاﻣѧѧﺎ اﻟѧѧﺪهﻮن اﻟﻔﻮﺳѧѧﻔﺎﺗﻴ  11.0% ﺟѧѧﻢ ﺑﻨﺴѧѧﺒﺔ 34.3و  32.2ﺗﺮاوﺣѧѧﺖ ﺑѧѧﻴﻦ  ﺔ، اﻟﺠﻠﺴѧѧﺮﻳﺪات اﻟﺜﻼﺛﻴѧѧ 48.0%
  . 910.0% ﺑﻠﻐﺖ ﺔﻣﺌﻮﻳ ﺔﺟﻢ ﺑﻨﺴﺒ 06.0و  73.0ﻓﺘﺮاوﺣﺖ ﺑﻴﻦ 
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 CHAPTER ONE 
LITERATURE REVIEW 
1.1. Gross anatomy: 
1.1.1. Cardiac morphology 
Hegazi (1954) studied the topographical anatomy of the heart of the 
camel; he found that the position and relations of the heart of the camel 
resembled those of other  large  domestic  quadrupeds  except  that  its  
costal surface  is extensive,  particularly  on  the  left  side . The average 
weight of the heart of the camel in the calf camel is about 2.5 Ib whereas 
that of the adult camel is about 5 Ib. The maximum weight recorded for 
the heart in the adult is about 8 Ib. 
        The findings of Hegazi regarding the weight of  the heart in both calf 
and adult camels differ greatly from the values given by Nawal, Osman 
and Abdalla (2002) who gave values of 2 kg  and  5 kg  for  the  heart in 
the calf and adult camels respectively. Externally, the heart of the camel 
was almost entirely covered with fat specially on the coronary and 
longitudinal grooves (Hegazi, 1954; Nawal et al., 2002). 
Nawal et al. (2002) have described the topography of the heart of the 
dromedary as follows: it lies obliquely in the thoracic cavity directed 
caudoventrally between the 3rd and the 6th ribs. Its base is related to the 
bodies of the thoracic vertebrae. The apex is obliquely situated on the left 
side just above the sixth segment of the sternum. The heart is broad at the 
base, slender and more pointed at the apex. The external features of the 
heart show that its proximal three quarters are wide and nearly 
quadrilateral; its circumference at the coronary groove ranges between 
36.5 and 60 cm. The distal quarter becomes narrow and rounded; its 
circumference proximal to the apex ranges between 13 and 20 cm. The 
colour of the fresh heart of the camel is bright red to pinkish. 
The heart of the camel is supplied with blood by two coronary 
 arteries which arise from the aorta just above its semilunar cusps. The root 
of the aorta lies deeply behind the pulmonary trunk and between the right 
and left auricles. Of the three semilunar cusps of the aorta, one is situated 
cranially and the others on the right and left caudally. The left and right 
coronary arteries take their origin from the aortic sinuses above the cusps 
(Kanan, 1971). 
Smuts and Benzuidenhout (1987) who described the origin and 
course of the coronary arteries in the dromedary camel showed that both 
the right and the left coronaries arise from the aorta at its origin, directly 
distal to the semilunar valve. The right coronary artery passes to the right 
in the coronary groove and then distally in the right longitudinal groove as 
the right interventricular branch. Along its course, it supplies the 
interventricular septum by means of septal branches, the right atrium by 
means of atrial branches and the right ventricle by means of ventricular 
branches. The left coronary artery gives off the left interventricular branch 
and then passes to the left and caudally in the coronary groove. Along its 
course, it supplies the interventricular septum by means of septal 
branches, the left atrium by means of atrial branches and the left ventricle 
by means of ventricular branches.  
Taha and Abdel-Magied (1996) studied also the coronary arteries in 
the one-humped camel and described their origin and course as follows: 
the right coronary artery arises from the cranial aortic sinus. It first runs 
cranially for a distance of about 1 cm between the pulmonary trunk and 
the right auricle, then ventrally and caudally in the right coronary groove 
until it reaches the interventricular subsinuosal groove. Here, it divides 
into two branches, one branch runs caudally to the caudal border of the 
heart and supplies several small vessels to the base of the left ventricle. 
The other branch runs ventrally in the subsinuosal groove (right 
longitudinal groove) as the interventricular subsinuosal artery, which after 
 a short distance divides into two branches cranial and caudal. The cranial 
one runs in the right longitudinal groove and the caudal one descends 
either parallel to the cranial branch or runs ventrally and caudally on the 
left ventricle. The left coronary artery arises from the caudal aortic sinus. 
It runs laterally and caudally between the pulmonary trunk and the left 
auricle. After about 3 cm it bifurcates into two major branches; a larger 
branch, the interventricular paraconal, which descends in the 
interventricular paraconal groove (left longitudinal groove) and a 
relatively smaller branch, the left circumflex which runs caudally in the 
coronary groove. 
 It is clear that the pattern of distribution of the coronary arteries in 
the dromedary camel differs from that of other ruminants. The pattern of 
distribution of the coronaries in ruminants which was described by 
Ghoshal (1975,a) and Schummer, Wilkens, Vollmerhaus and Habermehl 
(1981) shows that a subsinuosal interventricuar branch arises from the 
circumflex branch of the left coronary artery. This interventricular branch 
supplies much of the interventricular septum in addition to parts of the left 
and right ventricles on the right side of the heart. This pattern of 
distribution in which the left coronary artery is obviously dominant over 
the right one is called a left coronary type of supply. 
Christensen (1962) and Ghoshal (1975 b,c) studied the pattern of 
coronary distribution in the pig and horse. Both claim that the subsinuosal 
interventricular branch arises from the right coronary artery and the 
resulting pattern is known as a bilateral coronary type of supply. These 
coronary arteries in the two animals are more closely matched in size, and 
the left coronary artery supplies only part of the interventricular septum.  
The findings of Habel (1989) in the ruminants are generally in 
agreement those of Ghoshal (1975 b) and Schummer et al. (1981). Both 
interventricular branches come from the left coronary artery, The left 
 coronary artery originates from the aortic sinus over the left cusp of the 
aortic valve and immediately divides into the paraconal interventricular 
branch and the circumflex branch, the latter runs caudally around the 
coronary groove, giving off the intermediate branch which runs with the 
intermediate branch of the great cardiac vein in the intermediate groove 
on the left ventricular margin of the heart. He commented that the 
intermediate groove is peculiar to ruminants. The circumflex branch 
continues around the coronary groove and terminates as the subsinuosal 
interventricular branch. The right coronary artery originates from the 
aortic sinus over the right cusp of the aortic value, passes under the right 
auricle, and turns to the right in the coronary groove, giving branches to 
the conus arteriosus and the right atrium and ventricle, but does not supply 
the subsinuosal interventricular branch.  
From the aforementioned review of the literature regarding the 
distribution of the coronaries, it appears that the pattern in the one-
humped camel resembles that of the horse and pig more than that of the 
classical ruminants. 
1.1.2. Congenital anomaly of the coronary arteries and 
their branches: 
       It has been established that the normal origin of the left and the right 
coronary arteries, in most mammals is from the aortic sinuses above the 
left and right aortic cusps respectively (Ghoshal, a,b,c 1975; Shively, 
1987; Smith and Fisher, 1987; Dyce, Sack and Wensing, (1996); Taha and 
Abdel-Magied, 1996). However, various anomalies have been reported 
regarding the origin of the coronary arteries. Of these, absence of the 
ostium of the left main coronary artery (Vidne, Nili, Aygen and Levy, 
1979; Smith and Fisher, 1987; Taha, 2001), origin of the coronaries from 
the pulmonary trunk (Sandusky and Smith, 1978), common origin of the 
two coronaries (Sandusky and Smith, 1981). On the other hand, other 
 anomalies related to the coronaries or their branches were also mentioned 
in the literature. These include: aneurysm of one or both coronary arteries; 
(van Nie, 1968); hypo- or hyperplasia of one or both coronaries, (van Nie, 
1968); thin wall resembling that of a vein, (Sandusky and Smith, 1978); 
absence of the circumflex branch of the left coronary artery (Gentzler, 
Gault, Liedtke, Mccann, Mann and Hunter, 1975; Bestetti, Costa, 
Oliveira, Rossi and Araujo, 1985); rudimentary coronary artery in Syrian 
Hamsters (Mesocricetus auratus), (Durán, Arqué, Fernández, Fernández, 
Gallego, Rodriguez and Sans-Coma, 2009). In addition, there were more 
than 100 documented cases in the literature where the right coronary 
artery solely supplied the entire heart. All of these cases have been 
reported in humans. However, Taha (2001) has reported congenital 
absence of the left coronary artery in a bovine calf and that the larger part 
of the right coronary artery curved caudally around the origin of the 
pulmonary trunk reaching the left longitudinal groove and at about its 
middle it divided into two main branches and several smaller branches 
that supplied the left and right ventricles.  
1.1.3. Myocardial Bridges:                                          
       Myocardial bridge is defined as a congenital coronary abnormality in 
which a branch of a coronary artery runs intramurally through the 
myocardium (Kosinski and Grzybiak, 2001; Chen, Chen, Chao and Lo, 
2004; Singh, Singh, Kumar, Aggarwal and Banerji, 2005; Alegria, 
Herrmann, Holmes, Lerman, and Rihal, (2005).; Demirsoy, Arbath, Ünal, 
Yağan, Yilmaz, Tükenmez, Şener, and Sönmez, 2006). It is also defined 
as structures consisting of heart muscle tissue which passes above the 
coronary arteries or their branches (Chen and Lin, 2003; Kosinski, 
Grzybiak, Skwarek and Hreezeeha, 2004; Aytan, Ulusal, Yenigiin, 
Yildirim, Pirpir and Yildirim, 2006). A third definition is that the 
coronary arteries may dip into the myocardium for varying lengths and 
 reappear on the heart’s surface, this muscle overlying the segment of the 
epicardial coronary artery is termed a myocardial bridge (Loukas, Curry, 
Bowers, Louis, Bratczak, Kiedrowski, Kamionek, Fudalej, and Wagner, 
2006; Bharambe and Arole, 2008). Review of the literature reveals that 
the vast majority of research on myocardial bridges has been carried out 
on humans. The most common site of myocardial bridge is over the 
anterior interventricular branch of the left coronary artery. However, other 
reported locations includ: the diagonal branch of the left coronary artery, 
the left marginal branch, inferior interventricular branch of the left 
coronary artery, right coronary artery, right marginal artery, and inferior 
interventricular branch of the right coronary artery (Lima, Cavalcati, and 
Tashiro, 2002; Loukas, et al., 2006; Bharambe and Arole, 2008).                                          
1.1.4. The incidence of myocardial bridge:                                                    
As regards to the incidence of myocardial bridges in hearts of humans 
and their association to what branch of the coronary arteries, was superbly 
reviewed by Alegria et al. (2005); Bharambe and Arole (2008).               
       The incidence of myocardial bridges varies greatly in humans 
depending on the method of study. It is as low as 0.6 to 5.5% when 
assessed by coronary angiography (Angelini, Trivellato, Donis, and 
Leachman, 1983; Harikrishnan, Sunder, Thakaran, Titus, Bhat and 
Sivasankaran, 1999; Soran, Pamir, Erol, Kocakavak and Sabah, 2009). On 
the other hand, when assessed by dissection, the incidence increases 
markedly ranging 23 to 85.7% (Geiringer, 1951; Polacek and Kralove, 
1961; Ferreira, Trotter, and König, 1991; Reig, Ruiz, and Moragas, 1990; 
Kosinski, et al., 2004; Lujinovic, Oveina, Arslanagic, Voljeviea, and 
Spuzie, 2005; Loukas, et al., 2006). In contrast to humans the research 
which carried out on myocardial bridges in animals is meager. Polacek 
and Zechmeister (1968) have described three types of myocardial bridges 
depending on the intramural course of the branches of coronary arteries. 
 Type I branches of coronary arteries are entirely intramyocardial; Type II, 
branches of coronary arteries are predominantly epicardial; and Type III, 
branches of coronary arteries are entirely epicardial. According to this 
classification they allocated each type to certain animals. Type I is found 
in rodents and lagomorphs; Type II is found in small ruminants; and Type 
III is found in large ruminants and equines. Van Nie and Vincent (1989) 
studied myocardial bridges in a number of animals, including monkey, 
calves, sheep, goats, pig, dogs and seals. They showed that the myocardial 
bridges are located in four different sites; interventricular paraconal or 
subsinuosal branches, first grade branches of interventricular branches, 
second grade branches of interventricular branches, and multiple sides.                                
Taha and Abdel-Magied (1996) reported the constant presence of 
myocardial bridge overlying the subsinuosal interventricular branch in ten 
dissected hearts of the dromedary camel but have only observed 
myocardial bridges infrequenlly over the paraconal interventricular branch 
in three out of the ten dissected hearts. The myocardial bridges were 
observed crossing the middle third of the interventricular branches. The 
other study which was carried out in the dromedary camel (Erden, Turan, 
and Kara, 2006) found that the incidence of myocardial bridges was about 
35.29% (6 out of 17 dissected hearts). Of these six hearts five of them 
presented myocardial bridges on the left paraconal interventricular branch. 
Multiple bridges were observed in two hearts in the left paraconal 
interventricular branch. In all the six hearts the myocardial bridges were 
located in the middle third of the interventricular branches.                                                   
       Bezerra, Didio and Prates (1989) have reported that myocardial 
bridges cover ¼th of the length of the paraconal interventricular branch in 
the one humped camel. They added that the right coronary artery did not 
present any myocardial bridges.                                                                                              
        In the other study on the March deer; Machado, Borges, Oliveira, 
Tomazini, Melo and Duarte (2002) have claimed that both paraconal and 
subsinuosal interventricular branches dipped in the myocardium without 
reappearing. Dosantos, Bombonato, Beletti, Severino, and Carneiroesliva 
(2000) who dissected 30 hearts of adult bovines have indicated that 
myocardial bridges are present in all the hearts (100%). They claimed that 
93.3% of the specimens showed multiple bridges that varied from two to 
six.                                                                                                            
1.1.5. The venous drainage of the heart: 
        According to Kanan (1971) the heart of the dromedary camel is 
drained by two large and two medium sized veins. He called the vein 
which ascends in the paraconal interventricular groove and then runs in 
the coronary groove, the great coronary vein. On the other hand, he called 
the vein which ascends in the subsinuosal groove the middle cardiac vein. 
The great coronary and the middle cardiac veins represent the two large 
veins. The two medium-sized veins are represented by right coronary vein 
and what he called the margo acutus vein; both of which open directly in 
the right atrium.      
1.1.6. Cardiac Innervation: 
        The heart receives both sympathetic and parasympathetic 
innervation. The sympathetic cardiac nerves arise from the stellate ganglia 
whereas the parasympathetic innervation of the heart is supplied by the 
vagi and recurrent laryngeal nerves. The cranial and caudal vagal cardiac 
nerves arise from the vagus, cranial and caudal to the origin of the 
recurrent laryngeal nerves respectively. The other cardiac branches arise 
from the recurrent laryngeal nerves. Although the nerves mentioned above 
supply other structures, like the esophagus, trachea, lungs lymph nodes 
and diaphragm, the heart remains their main target; this is why they are 
termed cardiac nerves (Mckibben, 1975). 
  In equines, cardiac branches are given off from each vagus nerve, 
these branches usually join with the cardiac branches of the sympathetic 
and recurrent laryngeal nerves to form the cardiac plexus. According to 
the level of origin they are cranial or caudal cardiac branches (Mckibben, 
1975).         
        The thoracic part of the sympathetic trunk gives rise to the thoracic 
cardiac nerves from the third to the fifth thoracic ganglia to the heart. All 
the cardiac branches from the large thoracic aortic plexus together with 
branches from the vagal nerve between the esophagus and aortic arch, are 
distributed to the heart, esophagus and trachea (Smuts and Benzuidenhout, 
1987).                                                    
I.2. Histology                                                         
     Leeson, Leeson and Paparo (1985) stated that the cardiac muscle 
which is involuntary but striated contracts rhythmically and automatically. 
It was found only in the myocardium and in the walls of the large vessels 
joining the heart. A cardiac muscle fiber was shown by light microscopy 
to be a linear unit composed of several cardiac muscle cells joined end to 
end at specialized junctional zones called intercalated discs. Each cell is 
about 100 nm long and 15 nm in diameter, often partially divided into two 
or more branches at its ends. The overall appearance is thus one of mainly 
parallel fibers with numerous cross beams, giving the false impression of a 
syncytial network. Between the fibers, but not extending into the 
intercalated discs, is fine connective tissue, the endomysium containing 
small blood vessels and lymphatics. The cardiac muscle fiber is enveloped 
by a thin sarcolemma similar to that of skeletal muscle, and the 
sarcoplasm is bounded with numerous mitochondria. Myofibrils are 
separated by mitochondria arranged in rows with consequent obvious 
longitudinal striation. A pattern of cross striation of the myofibrils with A, 
I, Z, M and H bands identical to those of the skeletal muscle, is also 
 obvious, but the bands are less conspicuous than those  of the skeletal 
muscle. The nuclei are elongated and situated centrally in the fibre, 
between dividing myofibrils. The sarcoplasm contains deposits of 
glycogen larger than in the skeletal muscle. By light microscopy, 
intercalated discs appear as dark lines which may cross the fibre 
transversely but which usually pass in an irregular, zigzag or steplike 
manner across the fibres at irregular intervals. They always cross the 
fibres at the level of the Z lines and are more obvious in adult tissue, 
appearing first in late foetal life.  
     Bloom and Fawcett (1986) showed that the heart consists of striated 
muscle fibres that differ in several respects from skeletal muscle. The 
fibres are made up of separate cellular units joined end to end by special 
surface specializations, and intercalated discs that run transversely across 
the fibre. The fibres are not simple cylindrical units but they bifurcate and 
connect with adjacent fibres to form a complex three-dimensional 
network. The elongated nuclei of the cellular units are usually situated 
deep in the interior of the fibre.                                                                 
     The cardiac muscle is located primarily in the walls and septa of the 
heart and in the walls of large vessels attached to the heart. The cardiac 
muscle exhibits distinct cross striation because actin and myosin filaments 
have similar and regular arrangement (Eroschenko, 2008). The 
endocardium is the most inner layer of the heart; it consists of the 
endothelial lining and its supporting tissue. The endothelium is a single 
layer of flattened epithelial cells continuous with the endothelium of the 
vessels entering and leaving the heart. The endothelium is supported by a 
delicate layer of collagenous tissue (Young and Heath, 2000). The heart of 
the camel is not unlike that of other domesticated animals. It presents the 
usual three layers, the epicardium, the myocardium, and the endocardium. 
The myocardium presents cross striation, but with somewhat larger fibres 
 and single nuclei (Hegazi, 1954). The amount of myocardium and the 
diameter of muscle fibres in the chambers of the heart vary according to 
the workload of the chamber. The left ventricle has the thickest 
myocardium with the largest diameter muscle fibres, the left and right 
atria have thin walls composed of cells of small diameter. The right 
ventricle has a moderately thick muscle layer composed of fibres 
intermediate in diameter between atrial and left ventricular muscle cells 
(Stevens and Lowe, 1997). Microscopic examination has been restricted 
to two characteristics: the thickness of the muscular layer and the relation 
of the overbridged artery to the commitant veins. The thickness of the 
muscular layer is expressed by the number of muscle fibres and is divided 
in three groups: 1. 1-10 fibres; 2. 11-50 fibres and 3. > 50 fibres (van Nie 
and Vincent, 1989).                                          
Samuelson (2007) studied the cardiac muscle that resembles the 
skeletal muscle in several ways; both have multinucleated muscle cell that 
possesses organized myofibrils, giving the tissue a striated appearance 
histologically. Both have also a well developed sarcoplasmic reticulum 
and complementary T-tubule system. Individual cardiac muscle fibers 
have only a few nuclei, usually one or two centrally placed within the 
sarcoplasm. The cardiac muscle fibres are also shorter and frequently 
branched, binding to fibers in adjacent chains. The lengths of cardiac 
muscle fibers are mostly between 80 and 90 nm. They are essentially 
tubular in shape, having an average diameter of 15 nm. The most 
distinguishing characteristic is the presence of darkly stained transverse 
lines that intermittently cross chains of cells. These are intercalated discs 
and represent specialized cell-to-cell attachments or junctional complexes.              
The intercalated disc is essentially a junctional complex that involves the 
entire face of the transverse cell surface in highly undulated region 
consisting of only I band (actin myofilaments) materials. The opacity of 
 the disc is largely due to the presence of a specific junction that is similar 
to the macula adherens where I band actin filaments insert into dense 
materials along the sarcolemma. Due to their similarity with desmosomes, 
but much more extensive, this cell junction is called the fascia adherens. 
Also scattered between these junctions are nexi or gap junctions that 
provide ionic channels between cells and maculae adherentes that further 
bind the cells together.                                                                               
Eurell and Frappier (2006) stated that the striated myocytes of cardiac 
muscle branch and anastomose at the end-to-end junction of adjacent cells 
and the dense intercalated discs are present. Cardiac myocytes are 
approximately 15 nm in diameter and 85 nm to 100 nm in length. The 
single nucleus of cardiac muscle cell is located in the centre of the cell and 
the cytoplasm is acidophilic.                                                                
1.3. Histochemestry                                                                   
        Cardiac markers are substances released from the heart muscle when 
it is damaged as a result of myocardial infarction. Depending on the 
marker, it can take between 2-24 hours for its level to increase in the 
blood (Ross, Bever, Uddin, Devireddy and Gardin, 2004). There are a 
number of cardiac markers which could be useful as diagnostic tools for 
the damaged myocardium. These markers include: creatine kinase, 
troponin, lactic dehydrogenase, aspartate transaminase, myoglobin. Ross 
et al. (2004) stated that the most sensitive and specific test for myocardial 
damage is creatine kinase (CK). Its relative specificity is limited by the 
damage of the skeletal muscle. Its peak is reached in 10-24 hours and it 
has a short duration. 
Nowadayes it is believed that troponin is most sensitive and specific than 
creatine kinase for assessing myocardial damage. Its peak is reached in 12 
hours only. It is released in 2-4 hours and persists for 7 days (Nissen, 
Ranlov, Weisfogh, 1965). On the other hand, Mockel, Schindler, Knorr, 
 Muller, Heller, Stork, and Frei (1999) claimed that cardiac troponin is 
neither diagnostic for acute coronary syndrome nor predictive of the 
outcome. 
       Cardiac markers like aspartate transeaminase, lactate dehydrogenase, 
and myoglobin have low specificity for myocardial infarction and are 
used less frequently than the previously mentioned cardiac markers (Ross, 
et al., 2004).  
 Manning, Pensinger and Fehn (1968) studied the acid (Acp) and 
alkaline (Alp) phosphatases activity and potassium (K) concentration were 
evaluated in infarcted cardiac muscle from dogs between 2 hr and 7 days 
following acute coronary occlusion. Acp increased during the first four 
days after which the enzyme decreased moderately in both the infarcted 
and non-infarcted areas. Alp and K were depressed to their lowest 
concentration at day 3 in the anoxic muscle, while a recovery period was 
noted from days 4–7. 
1.4. Biochemistry 
Mirgani (1991) studied the total lipids, phospholipids, triglycerides 
and total cholesterol in the heart, kidney, liver, serum, hump and 
perinephric fat in the normal one humped camel. The total lipids extracted 
from the heart tissue of a fed camel was 24.2±5.7 mg/g wet tissue weight. 
The phospholipids are the main constituents of the heart lipids, 
constituting 70% of the total lipids. The triglycerides constituted 21% and 
the total cholesterol 9%. Cholesterol ester comprises 67% of the total 
cholesterol. Fatty acids composition of heart triglycerides: palmitate 
44.4% is the main fatty acid present in heart triglyceride. Oleate 
constitutes 26%, stearate 21.8% and myristate 5.8% of the total fatty acids 
present in the heart triglycerides. 
 Mirgani (1981) stated that fasting caused a marked decrease in heart 
muscle total lipids, the mean value for the fed camel heart total lipids is 
 24.7 mg/g wet tissue. Fasting for 11 days reduced the total lipids to 11 
mg/g. Whereas fasting led to a decrease in palmitate from 44.4% to 16%, 
it led to an increase in c18 fatty acids; stearate, has increased from 21.8% 
to 45.3% and oleate from 26% to 38.9. 
The objectives of the present study are:            
1. To the study the cardiac morphology. 
2. To the study the origin and distribution of the coronary arteries. 
3. To the study the muscular bridges grossly and microscopically. 
4. To the study the occurrence of these bridges pre- and postnatal. 
5. To the study the venous drainage of the heart. 
6. To the study the innervation of the heart. 
7. To curry out histochemical studies of some of the enzymes of the 
heart which are associated with myocardial infarction. 
8. To undertake biochemical analysis of the fat in the heart. 
 
 
 
 
 
 
 
 
 
 
 
 CHAPTER TWO  
MARERIALS AND METHODS 
2.1. Gross Anatomy: 
        A total of 31 normal hearts were obtained from adult and foetus 
camels (Camelus dromedarius). 20 hearts were from adult camels, the rest 
from foetuses (119-330 days of pregnancy). Of the 20 hearts, 19 were 
from females and only one from a male camel. The weight of hearts from 
adult camels varied between 1.3 to 3.7 kg. The ages of foetuses were 
determined by using the equation of crown-rump length of camel fetuses. 
The equation was described by Elwishy, Hemeida, Omer, Mubark and 
Elsayed (1981) as follows Y=0.303*20.70, where (Y) is crown-rum length 
(in cm.) of the fetus, and (*) is the unknown age of the same fetus in days.                         
        All the hearts were collected from Albuga´a and Al Salam            
slaughter houses.                                                                                        
        Injection techniques were employed to study the blood supply and 
venous drainage of the heart. For studying the blood supply, the left and 
right coronary arteries were cannulated first and then injected with red 
vinyl acetate. Then the injected hearts were immersed in 10% formalin for 
15 days. Finally dissection was performed carefully to determine the 
pattern of distribution of the coronary arteries and their branches and to 
detect any myocardial bridges.  
A total of 5 hearts were used for studying the venous drainage of the 
heart. The coronary sinus was cannulated and the left azygos was ligated.  
This is because the coronary sinus is formed by the union of the left 
azygos and the great cardiac vein; the latter is the vein which drains the 
heart; then the coronary sinus was injected with blue vinyl acetate.   
        The weight of the heart was determined before and after removal of 
the fat covering it. 
         For the study of innervation two foetal hearts were used. It was 
difficult to study the innervation of the heart in the adult camel under the 
conditions of the slaughter house. 
2.2. Histology:                                                                               
       10 camels were used for histological studies. Samples of tissues of 1 
cm thick were taken from the following structures: myocardial bridges, 
ventricular myocardium proximal to the bridge, ventricular myocardium 
distal to the bridge, the segment of the artery immediately underneath the 
bridge, the segment of the artery proximal to the bridge, and the segment 
of the artery distal to the bridge. The samples of tissues were fixed  in 
10% formalin, dehydrated in ascending grades of ethanol (70%-90%-
100%), cleared in chloroform, embedded in three changes of molten 
paraffin wax 55-60ºC (one hour for each change),  and finally blocked in 
paraffin wax (Drury and Wallington, 1980).                                               
       Sections about 4-7 um thick were cut in a rotary microtome, picked 
up on clean slides. The sections were stained by using the following 
techniques:                                                                                  
1- Haematoxylene and Eosin (H&E) for general histological 
observations (Drury and Wallington, 1980).                                                             
2- Van Gieson’s Technique for the demonstration of collagen fibers          
(Bancroft and Stevens, 1990).                                                                 
3- Aldehyde fuchsin and Verhoff’s stain for illustration of elastic 
fibers (Bancroft and Stevens, 1990).                                                                
4- Gordon and Sweet for determination of reticular fibers (Bancroft 
and Stevens, 1990).                                                                                      
2.3. Histochemistry: 
2.3.1. Polysaccharides 
        The specimens for the investigation of carbohydrates were collected 
from 4 camels (Camelus dromedarius), they were fixed in 10% formalin 
 and processed for paraffin wax sections and then stained with periodic 
acid Schiff (PAS) technique (Drury and Wallington, 1980). Control 
sections for glycogen were treated with 0.1% malt diastase for 30 minutes. 
These tissues included myocardial bridges, ventricular myocardium 
proximal to the bridges, ventricular myocardium distal to the bridges, the 
segment of the artery proximal and distal to the bridge.                               
2.3.2. Cardiac markers                                                                                      
2.3.2.1. Creatine kinase (CK):                                                                
        A total of 7 blood samples were collected in the vacotainer tubes of 
5ml each, from adult camel (Camelus dromedarius). Of the 7 camels 6 
were from females and only one from a male camel. The hearts of all these 
camels had myocardial bridges.                                                               
Reagent composition:                                                                              
Reagent 1 (R1) is made of 100 mmol/L imidazol buffer at pH 6.7 and 20 
mmol/L glucose   
Reagent 2 (R2) is made of substrate and coenzyme: Creatin phosphate 
substrate 30 mmol/L and (Adenozin monophosphate 5 mmol/L, 
Adenozine diphosphate 2 mmol/L, (Di-adenozine-5) pentaphosphate 10 
mmol/L) coenzyme.                    
Preparation: The working reagent is prepared by mixing 4 ml of R1 with 1 
ml of R2. This mixture will be stable for 1 month at a temperature of  2-
8°C or for only five days at a temperature of 20-25°C provided it is 
protected from light.                               
Procedure: 
One ml of the working reagent was mixed with 40 ml of serum in a 
cuvette. 
The mixture was agitated gently and the cuvette was then transferred to 
the photometer. It was incubated for five min and the reading of the 
absorption was recorded.  
 This procedure was repeated for another sample and the reading of the 
absorption was again recorded. The difference between two readings used 
to obtain the average change.                                                                                                 
Calculation: Total (CK) activity U/L= ∆A×8095 at 37°C (Lang and 
Wϋrzburg, 1982; Wu and Bowers, 1982; and Young, 1995).                       
2.3.2.2. Cardiac Troponin (T):                                                                   
Two drops of serum were transfer to the specimen well of the test device 
of buffer then add one drop then start the timer and then wait                          
for the colored lines to appear, read results at 10 min. 
-   Positive: Two distinct colored lines will appear.                                   
- Negative: one colored line appears in the control line region 
(Mehegan and Tobacman, 1994).                                                                             
2.3.2.3. Acid phosphatase 
Five hearts of she-camels were used for the investigation of acid 
phosphatase.                                                                                
 Fresh frozen sections were fixed in acetone at 4ºC and stained 
according to Gomori’s method as described by Drury and Wallington 
(1980). The sections were incubated at pH 5.0 for 4 hours at 37ºC using 
the substrate lead nitrate.                                                                                 
2.3.2.4. Alkaline phosphatase 
       Five hearts of she-camels were used for the investigation of alkaline 
phosphatase. 
       Fresh frozen sections were fixed in acetone at 4ºC and stained 
according to the methods of Gomori and Lillie technique as described by 
Drury and Wallington (1980).The sections were incubated at pH 9.2 for 3 
hours at 37ºC using the substrate calcium phosphate.             
 
 
 
 2.4. Biochemical Analysis:  
2.4.1. Determination of fat in heart tissue:                                                   
 The material used for this study consisted of a total of 7 fresh normal 
hearts obtained from adult camels (Camelus dromedarius).The weight of 
the hearts varied from 2-3 kg; these hearts were cut to small pieces and 
then homogenized. Two samples were obtained from each heart.                       
2.4.1.1. Determination of total lipids:                                                    
       One gram of tissue was homogenized with 10 ml of chloroform and 
absolute methanol 2:1 by volume, then filtered and the filtrate was collected 
in a graduated test tube. The filtrate was then mixed with 4 ml of sodium 
chloride, then kept in a refrigerator overnight. The mixture separated into 
two layers: an upper layer and a lower layer. The upper layer was discarded 
and the lower layer was used for fat determination. The volume of extract 
was recorded.                                          
Steps of determination:     
1- Add 2 ml conc. sulphuric acid (H2SO4) to 1 ml of extract in a test 
tube.                         
2- Place the tube in water bath at 105ºC for 10 min, then cool at room            
temperature.     
3- Transfer 0.1 ml of this mixture into a clean test tube. 
4- Add 5 ml of phosphovanaline reagent to the mixture in the test tube, 
mix well and then  incubate in a water bath at 37ºC for 5 min. Red 
colour will appear, (the colour is stable at least for 2 hours). 
5- Read absorbance in a spectrophotometer at 549 nm.  
 Calculation: T/S×1000×volume of extract. 
   T =Reading of test. 
   S =Reading of standard. (Fringes and Dunn, 1970).  
 
 
 2.4.1.2. Determination of phospholipids: 
        Reagents used for phospholipids determination included the 
followings:  
    1- Digestion mixture : 50 ml of distilled water, 25 ml of conc. sulphuric 
acid  (H2SO4),    and 25 ml of 70%  perchloric acid.    
     2- 50% sodium acetate.  
     3- 2.5% ammonium molybdate.  
     4- Metol 1 g/100 ml of 3% sodium metabisulphate. 
5- Stock standard solution: 1 ml phospholipids/ml 0.439 gm of   
anhydrous potassium dihydrogen phosphate (KH2Po4) in 100 ml 
distilled water and 0.2 ml sulphuric acid (H2SO4).     
     6- Working standard: 1 ml=4 mg phospholipids dilute stock 250 
distilled water.              
Procedure of determination: 
1- Add 0.1 of filtrate to 1 ml of digestion mixture.   
2- Heat gently until the colour disappears, then cool at room 
temperature.  
3- Add carefully 1 ml of distilled water, then boil for 15 seconds. 
4- Add 1 ml of 50% sodium acetate. 
5- Make up 10 ml with distilled water.  
6- Add 1 ml of ammonium molybdate and mix well. 
7- Add 1 ml of metol and mix, then stand for 15 min. 
8- Mixture against blank at 700 nm. (the colour is stable for several           
hours.  
Standard: 5 ml of working standard, 0.25 ml sulphuric acid (H2SO4), 1.0 
ml acetate + 1.0 ml molybdate + 5.75 distilled water.                                                            
Reagent blank: 0.25 ml of sulphuric acid (H2SO4), 1 ml of 50% sodium 
acetate +1 ml of metol +8.75 ml distilled water.                                                                  
Calculations: T/S×10×25×volume of extract.                                            
  T =Reading of test. 
S =Reading of standard. (Varely, 1967).  
2.4.1.3. Determination of triglycerides: 
Reagent: 45 mmol/L magnesium chloride +5 mmol/L4- chlorophenol +6                         
mmol/L lipase + 100 U/ml glycerol kinase + 1.5 U/ml    glycerol -3-
phosphate oxidase +4 U/ml peroxidase + 0.8 U/m l4-             
aminoantipyrine + 0.75 mmol/L ATP0.9 mmol/L pH 7.0.                         
Triglyceride standard: Glycerol equivalent to 200 mg/dl (2.26 mmol/L)  
triolein. Aqueous primary standard.                                                           
Procedure:  
1- Bring the reagent in the room temperature. 
2- Pipette into labeled test tube. 
3- Mix thoroughly and incubate the tube for 15 minutes at room 
temperature (16-25ºC) or 5 minutes at 37ºC.                                          
4- Measure the absorbance (reagent) of the standard and sample at          
500 nm against the blank. The colour is stable for at least 2 hours.          
Calculation:           
The triglycerides concentration in the samples is calculated using the 
following  general formula:                                                                            
Sample/standard×standard (Biggs, Erkinson and Moorehead, 1975).                       
 
 
 
 
 
 
 
 
 CHAPTER THREE 
RESULTS 
3.1. Gross Anatomy: 
3.1.1.Cardiac morphology: 
The external features of the heart of the dromedary camel showed 
that it was markedly broad at the coronary groove (about 48 cm). It 
suddenly narrowed at about its middle to about 28.5 cm and became 
rounded forming the apex (Fig.1). It was strongly oblique and markedly 
curved being directed to the left.                                                                            
Its long axis was directed ventrally and caudally being located in the 
left of the mediastinum. The most striking feature which characterized the 
heart of the dromedary camel was the heaps of fat covering the 
pericardium (Fig.2). In addition, enormous amounts of fat were also 
noticed covering the myocardium leaving few areas devoid of fat (Fig.3). 
The heart of the foetus was also covered by fair amounts of fat (Fig.4).                                 
Each coronary artery was funnel-shaped at its origin; it measured 
about 3.6 cm in diameter. Then the diameter gradually decreased to 
measure about 2.7 cm at its bifurcation into the paraconal and the 
subsinuosal branches and the diameter decreased further to about 1.3 cm 
at the middle third of these two descending branches. Both coronary 
arteries were covered with a thick layer of fat.                                           
The right coronary artery originated from the cranial aortic sinus. It 
ran cranially for a distance of about 1 cm between the pulmonary trunk 
and the right auricle, then ventrally and caudally in the right coronary 
groove (Fig.5) until it reached the interventricular subsinuosal groove in 
which it divided into two branches; one branch ran caudally to the caudal 
border of the heart. The other branch ran ventrally in the subsinuosal 
groove as the interventricular subsinuosal artery which, after a short 
distance, divided into two branches cranial and caudal (Fig.6).                    
 The left coronary artery arose from the caudal aortic sinus. It ran 
caudally and laterally between the pulmonary trunk and the left auricle 
(Fig.7); after 3 cm it bifurcated into two major branches, the larger one 
descended in the interventricular paraconal groove as the interventricular 
paraconal branch and the smaller branch ran caudally in the coronary 
groove as the left circumflex. The left circumflex does not reach the right 
coronary groove, it divided into many branches to supply the base of the 
left ventricle and the left atrium.                                                                       
In one case the right coronary artery originated from the cranial aortic 
sinus and after about 3 cm it divided into two major branches (Fig.8); 
caudal and cranial. The caudal branch of the right coronary artery assumed 
a peculiar course by running ventrally and caudally around the origin of 
the pulmonary trunk to reach the paraconal interventricular groove at its 
middle (Fig.8). Then it descended further in this groove to turn again 
cranially almost reaching the right subsinuosal groove. It was covered by a 
narrow strap of myocardium (Fig.9). The cranial branch ran cranially and 
then caudally in the coronary groove (Fig.10) until it reached the 
subsinuosal interventricular groove and after a short distance it divided 
into two branches cranial and caudal branches (Fig.11). In the same 
specimen, the left coronary artery arose from the caudal aortic sinus and 
ran laterally and caudally between the pulmonary trunk and the left 
auricle, and after about 3.8 cm it divided into two main branches, the left 
circumflex which ran in the coronary groove to the caudal border of the 
heart giving branches to the left atrium and the left ventricle. The other 
branch, which was the larger one, descended caudal and parallel to the 
paraconal interventricular groove (Fig.12) and furnished several branches 
to the left ventricle.                                                                                                                  
 
 
 3.1.2. Weight of the heart and the fat covering it (Table 1) 
       The weights of the hearts and the fat covering them are summarized in 
table 1 and diagrams 1 and 2.  
 
Table1: showing weights of the heart, pericardial fat, epicardial fat   
and total fat in 20 camels      
 
          Wt. of stru. in   kg 
Camel    No.    
Hearts  Pericardial 
fat 
Epicardial    
fat 
Total fat  
1 2.94 0.30 0.45 0.75 
2 2.20 0.40 0.35 0.75 
3 1.26 0.28 0.31 0.59 
4 2.51 0.28 0.36 0.64 
5 3.70 0.50 0.45 0.95 
6 2.60 0.41 0.47 0.88 
7 2.36 0.31 0.26 0.57 
8 2.30 0.20 0.45 0.65 
9 2.70 0.44 0.59 1.03 
10 2.15 0.20 0.35 0.55 
11 1.75 0.20 0.30 0.50 
12 1.85 0.25 0.35 0.60 
13 2.21 0.19 0.48 0.67 
14 2.15 0.40 0.20 0.60 
15 1.95 0.15 0.10 0.25 
16 3.18 0.40 0.45 0.85 
17 1.90 0.15 0.15 0.30 
18 2.6 0.46 0.45 0.91 
19 2.05 0.35 0.40 0.75 
20 2.45 0.50 0.30 0.80 
mean± STDEV 2.3405±0.54 0.3185±0.11 0.361±0.12 0.679±0.19 
                                            
 Diagram 1. The relationship between the total heart weight, total fat 
weight, pericardial fat and epicardial fat.                                                  
 
Diagram 2. The mean of the total hearts weight, total pericardial fat and 
total epicardial fat.                                                                              
 
 
The weight of the heart ranged between 1.3-3.7 kg; the pericardial fat 
ranged between 0.1-0.59 kg; the epicardial fat ranged between 0.15 -0.50 
kg; and the total fat ranged between 0.25-1.03 kg. 
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 3.1.3. Myocardial bridges: 
       Myocardial bridge was defined as a congenital anomaly of the 
myocardium in which normal epicardial interventricular branches of 
coronary arteries were bridged by one or two bands of cardiac muscle 
fibers (Type I) (Figs.6,9,11,13,14,15). However, there was another type of 
relation between the interventricular branches of coronary arteries and the 
myocardium observed in this study. In this type, the interventricular artery 
ran subepicardially in the subsinuosal or paraconal interventricular 
grooves and then dipped in the myocardium without reappearing (Type 
II). The artery was noticed to dip in the myocardium anywhere, 
proximally, in the middle, or distally in the interventricular grooves 
(Figs.11,16,17,18,19,20). Although the myocardial bridge was solely 
associated with the branches of the covering arteries yet in one heart a 
typical myocardial bridge was observed in relation to the great cardiac 
vein (Fig.21).                                                                                             
3.1.3.1.The incidence of myocardial bridge:                                                      
3.1.3.1.1. Incidence of myocardial bridges in the adult camels:                             
       The presence of myocardial bridges over the interventricular branches 
of the coronary arteries in the camel heart represented a constant and 
distinctive feature of these arteries. Out of the 20 dissected hearts 18 
(90%) displayed myocardial bridges. 15 hearts (82.3%) showed 
myocardial bridges over both paraconal and subsinuosal interventicular 
arteries. The bridges which were associated with the paraconal 
interventricular artery (left side of the heart) were mostly of the Type I 
category (86.7%); Type II category represented (13.3%). Bridges 
associated with the subsinuosal interventricular artery (right side of the 
heart) were mostly of Type II category (66.7%); Type I category 
represented (33.3%). Two hearts showed myocardial bridges (11.7%) 
solely in relation to the subsinuosal interventricular branch and the ratio of 
 Type I to Type II categories was 50/50. Only one heart has shown 
myocardial bridge over paraconal interventricularn branch of the Type I 
category.  
3.1.3.1.2. Incidence of myocardial bridges in the camel foetuses:  
        Eight out of eleven hearts had myocardial bridges (72.7%); 7 hearts 
had myocardial bridges in the subsinuosal interventricular branch of Type 
II category (87.5%); only one heart had myocardial bridges on both sides 
(12.5%). In this heart, Type I category was found over the subsinuosal 
interventricular branch whereas Type II category was confined to the 
paraconal interventricular branch.  
3.1.4. The venous drainage of the heart of dromedary camel:  
       The venous drainage of the heart of the dromedary consisted of two 
main veins; the great cardiac vein and the middle cardiac vein. The great 
cardiac vein was large, originated at the apex of the heart at the left side 
then ascended in the left paraconal interventricular (longitudinal) groove 
(Fig.22), accompanying the left paraconal interventricular artery. It ran 
caudally in the coronary groove in company with the left circumflex artery 
(Fig.23) and then cranially to opening in the coronary sinus. The middle 
cardiac vein was smaller than the great cardiac vein; it originated at the 
apex of the heart in the right side then ascended in the right subsinousal 
groove to open in the coronary sinus. The coronary sinus was a very short 
vein which was formed as a result of the union of the left azygos and the 
great cardiac vein (Fig.23). It opened in the right atrium ventral to the 
opines of the caudal vena cava.                                                                                               
3.1.5. Cardiac innervation:                                                      
       The parasympathetic innervation of the dromedary was supplied by 
the vagus nerve; the cardiac nerves arose from the vagus nerve 
immediately cranial and caudal to the aortic arch at the vicinity of the 
origin of the recurrent laryngeal nerve (Figs. 24&25).                                
 3.2. Histology                                                                              
3.2.1. Myocardial bridges and the proximal and distal ventricular 
myocardium          
       The histological structure of the cardiac muscle whether from the 
bridge or from the ventricle proximal or distal to the bridge showed no 
variations. It was observed that the cardiac muscle cells were joined end to 
end and each cell was usually branched (Fig.26). However, the only 
variation which was noticed was the presence of adipose tissue in the 
bridge, but not in the ventricular myocardium proximal or distal to the 
bridge (Figs.27&28). Collagen and reticular fibers were present between 
the cardiac muscle fibers (Figs.29&30).                                        
3.2.2. Coronary arteries:                                                                       
       They were elastic arteries since the tunica media was made mainly of 
elastic fibers and few collagenous fibers (Fig.31). The tunica intima was 
lined by endothelial cells giving the lumen irregular appearance. The 
tunica adventitia consisted mainly of collagenous fibers and some few 
elastic fibers (Fig.32).                                                                                          
3.2.2.1. The interventricular branch of the coronary artery            
proximal and distal to the myocardial bridges                      
       The histological structure of the interventricular arteries proximal and 
distal to the myocardial bridges was similar but looked different from that 
of the coronary arteries. These arteries showed a broad tunica media 
which was made mainly of collagenous fibers (Fig.33) rather than the 
elastic fibers which characterized the tunica media of the coronaries. 
Likewise the tunica adventitia of the interventricular arteries showed large 
amounts of elastic fibers (Fig.34) which characterized the tunica media of 
the coronaries. Fair amounts of reticular fibers were found in the tunica 
media and the tunica adventitia (Fig.35). A thin layer of fat is mostly to be 
 found between the overbridging coronary artery and the myocardial 
bridges.                      
3.2.2.2. The segment of the interventricular branch of the coronary 
artery immediately underneath the bridge                             
       The lumen of the artery in this site was oval in shape because the 
artery was compressed by the myocardial bridges (Fig.36). In the outer 
part of the tunica adventitia, large amounts of collagen and adipose tissue 
were present separating the artery from the myocardial bridge 
(Figs.37&38).                                                                                                
3.3. Histochemistry:                                                                
3.3.1 Polysaccharides:   
 A varying degree of positive reaction for PAS diastase resistant       
material and diastase digested material was clearly seen. The myocardial 
bridges and the ventricular myocardium proximal and distal to them 
showed a positive reaction for PAS diastase resistant material 
(Figs.39,41&43), the reaction was strong in the muscle fibers and cell 
membrane of the adipocytes. A large number of fine glycogen granules was 
seen within the myocytes. A large number of PAS positive granules 
resistance to diastase digestion was seen within the cytoplasm of the 
myocytes (Figs.40,42&44). The segment of the interventicular branch of 
coronary arteries had a week reaction in the tunica media and strong 
reaction in the tunica adventitia (Fig.45).                 
3.3.2. Cardiac markers                                                                                          
3.3.2.1. Creatine Kinase (CK)  
 The values obtained from the blood samples collected from the seven 
adult camels which exhibited myocardial bridges in their hearts, are 
summarized in table 2. The values ranged between 25-48 I/U (see also 
diagram 3).  
 
 Diagram 3. Creatine kinase activity in the dromedary hearts with 
myocardial bridges.                                                                                  
 
3.3.2.2. Cardiac Tropnin (T) (Table 2)                                                       
 Serum cardiac troponins are the earliest appearing biochemical 
markers during the myocardial damage. The cardiac troponin was detected 
in only one blood sample of the seven camels with myocardial bridges. All 
other six blood samples from the remaining six camels with myocardial 
bridges in their hearts, were negative. (see table 2).  
Table 2: showing the analysis of blood serum in camels with                          
myocardial bridges; Creatine Kinase (CK) and Cardiac Tropnin (T).                             
Troponin Creatine   
kinase I/U 
Enzymes 
 
 
Camels 
+ 28 1 
_ 25 2 
_ 42 3 
_ 32 4 
_ 27 5 
_ 39 6 
_ 48 7 
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 3.3.2.3. Alkaline and acid phosphatases:                                                                  
In all fresh frozen sections obtained from five hearts, there were negative 
reactions of the alkaline and acid phosphatases in the cardiac muscle 
(Figs.46&47).                                
3.4. Biochemical Analysis:  
3.4.1. Determination of Fat in heart tissue (tables 3&4) 
       The weight of the seven hearts used in this study ranged between 
2050-3000 g with a mean value of 2485.71±331.87. The weight of total 
lipids ranged between 18.62-22.55 g, the percentage of the mean value 
was 0.84%; the triglycerides ranged between 2.23-3.43 g, the percentage 
of the mean value was 0.11%, and finally that of the phospholipids ranged 
between 0.37-0.60 g with percentage of 0.019%. The mean and standard 
deviation were calculated (Diagrams 4,5&6).               
 
Table 3: showing the weight of the hearts, determination of the total                      
lipid, triglyceride and phospholipids.                                            
                                          
Phospholipids 
 
Triglycerides
 
Total 
Lipids 
Heart Wt. in g 
 
Heart no     
0.49 2.63 18.62 2050 1 
0.55 2.86 20.16 2500 2 
0.44 2.42 22.03 2600 3 
0.60 2.23 19.64 2650 4 
0.50 3.43 22.04 2200 5 
0.39 3.18 21.01 2400 6 
0.37 2.92 22.55 3000 7 
0.48±0.08   2.81± 1.42   20.87±1.45  2485.71±331.87   Mean±  
STDEV 
 Table 4: showing the weight of the heart and the percentage of the 
total lipids, the triglycerides and the phospholipids in seven camels 
 
Phospholipids
 % 
Triglycerides 
% 
Total Lipids
% 
Weight 
kg 
No. of 
Hearts 
0.024 0.13 0.91 2.05 1 
0.022 0.11 0.81 2.50 2 
0.017 0.09 0.85 2.60 3 
0.023 0.08 0.74 2.65 4 
0.022 0.16 1.00 2.20 5 
0.016 0.13 0.88 2.40 6 
0.012 0.10 0.75 3.00 7 
0.019± 0.0041 0.11± 0.026 0.84± 0.085 2.49± 0.332  Mean± 
STDEV 
 
Diagram 4. Showing the total lipids in each of the seven hearts tissues of 
the dromedary camel                                                                                      
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 Diagram 5. Showing the triglycerides in each of the seven hearts tissues of 
the dromedary camel                                                                                    
 
 
 
 
Diagram 6. Showing the phospholipids in each of the seven hearts tissues 
of the dromedary camel                                                                                
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 CHAPTER FOUR 
DISCUSSION 
4.1. Gross Anatomy:   
4.1.1.Cardiac Morphology:                                    
The heart of the camel, is located as in other animals, in the 
mediastinal space obliquely between the 3rd and sixth ribs. The most 
cranial part of the base of the heart is limited by the 3rd rib whereas the 
most caudal part which is the apex of the heart, is limited by the sixth rib. 
Hegazi (1954) described the proximal three quarters of the heart as nearly 
being quadrilateral since he found that the circumference at the coronary 
groove and that just above the apex was 32.5 cm and 25 cm respectively. 
On the other hand, Nawal et al. (2002) gave a rather higher value for the 
circumference of the heart at the coronary groove (36.5-60 cm) but lower 
values for the region just proximal to the apex of the heart (13-20 cm). In 
this respect, this study showed that the circumference of the heart at the 
coronary groove was 48 cm, which is more or less similar to the study of 
Nawal et al. (2002) whereas the circumference of the heart at its middle 
was 28.5 cm which is more or less similar to the study of Hegazi (1954).    
There is a general agreement about the origin of the coronary arteries 
in the dromedary camel from the aortic cusps distal to the semilunar valve 
(Kanan, 1971; Smuts and Benzuidenhout, 1987; Taha and Abdel-Magied, 
1996; the present study). However, the course of the left and right 
coronary arteries resembled to a great extent the pattern of distribution 
which have previously been described for the horse and pig (George, 
Berge, Moustafa and El-Gaffary, 1969; Ghoshal, 1975 a&b; Schummer, et 
al., 1981). In this pattern the subsinuosal interventricular branch of the 
coronary artery represents the continuation of the right coronary artery. 
The left coronary artery divides into the paraconal interventricular branch 
and the circumflex branch. The former descends in the left longitudinal 
 groove and the latter runs caudally in the coronary groove but does not 
extend to the right side and thus does not descend in the right longitudinal 
groove as the case in the majority of domestic animals (ox, sheep, goat, 
dog and cat) as reported by Christensen (1962); Ghoshal (1975, a&b); 
Shummer, et al. (1981); Roldan & Layunta (1982); Shively (1987) and 
Habel (1989).                                                                                             
Habel (1989) has described an intermediate branch arising from the 
circumflex artery which runs in the intermediate groove on the left 
ventricular margin of the heart. He added that this intermediate groove is 
peculiar to ruminants. The present study demonstrated the constant 
presence of this intermediate groove in which the circumflex branch 
descends and it is more or less parallel to the right interventricular groove. 
Taha and Abdel-Magied (1996) have shown the same course of the left 
circumflex artery in the dromedary heart even through they did not 
specify the intermediate groove in which the circumflex branch descends. 
The present study agrees with previous studies in ruminants (Habel, 1989) 
and the dromedary camel (Taha and Abdel-Magied, 1996) but differs 
from both of them in that the intermediate groove, with its circumflex 
artery, was a constant feature. This study agrees with previous studies in 
camel which indicated that the pattern of distribution of the coronary 
arteries is a bilateral coronary type.  
       Congenital anomalies associated with the coronary arteries which 
have previously been reported in various animals except the camel 
include: absence of one of the two ostia, origin from the pulmonary trunk, 
aneurysm of one or both arteries, hypo- or hyperplasia of one or both 
arteries, complete absence of one of the two arteries (van Nie,1968; 
Genitzler, et al., 1975; Sandusky and Smith, 1978; Vidne, et al., 1979; 
Sandusky and Smith, 1981; Bestetti, et al., 1985; Smith and Fisher, 1987; 
Shively, 1987; Dyce, et al., 1996; Taha, 2001; Durán, et al., 2009). The 
 present study demonstrated a rare case of congenital anomaly in which the 
right coronary artery supplied most of the heart regardless of the presence 
of a left coronary artery. Firstly, the right coronary artery after about 3 cm 
from its origin divided into two branches. One branch assumed the normal 
course, ran cranially and continued cranially and then caudally in the 
coronary groove and finally descended in the right longitudinal groove as 
the subsinuosal interventricular branch. The other branch assumed an 
extraordinary course by running ventrally and caudally around the origin 
of the pulmonary trunk to reach the left longitudinal groove at its middle 
and then descended in the groove, and just above the apex of the heart it 
ran cranially to stop shortly before the right longitudinal groove. This is a 
very unusual course of the right coronary artery. This course of the right 
coronary artery makes it dominant over the left coronary artery and 
therefore a right coronary pattern. Secondly, the left coronary artery of the 
same heart divided as usual into paraconal interventricular branch and a 
left circumflex branch. Again the paraconal branch assumed a peculiar 
course by running caudal and parallel to the left longitudinal groove 
instead of descending into it. This could be explained by the fact that the 
left longitudinal groove was occupied already by the abnormal branch of 
right coronary artery.                                                                                      
4.1.2.Weight of the heart:  
       The previous reports on the weight of the heart of the dromedary gave 
values which varied from 1.1 kg in the calf camel to 5 kg in the adult 
(Lesbre, 1903; Hegazi, 1954; Nawal, et al., 2002). Lesber (1903) who 
studied the weight of the heart in females found that it is greater than that 
in males. Contrary to the claim of Lesber (1903) in the dromedary, Budras 
(2003) reported that the weight of the heart in the cow averages 2.4 kg, 
less than that in the bull which averages 2.6 kg. In the 20 hearts which 
were weighed; the maximum weight recorded was 3.7 kg. It appeared that 
 there was a general agreement as regard to the weight of the heart which 
could be considered as about 3.5 kg; the small differences which were 
encountered between the different reports, could be attributed to the age, 
sex, and the breed. Hegazi (1954) calculated the percentage of the weight 
of the heart in relation to the body weight and found that it was about 
0.61%.                                                                                                    
Although the heart of the camel was evidently covered by unusual 
amounts of fat, this striking feature received little attention by the previous 
research workers. Hegazi (1954) mentioned a great quantity of fat which 
is more or less filling the coronary and longitudinal grooves especially the 
part of the coronary groove between the auricles. Nawal et al. (2002) have 
observed that much of the fat covered the coronary and longitudinal 
grooves. The greater bulk of this fat is on the left side filling the coronary 
groove between the two auricles, where it forms a thick belt around the 
roots of the pulmonary trunk and aorta. Indeed the heaps of fat which 
cover not only the coronary and interventricular grooves but nearly the 
whole of the heart as demonstrated in this study comprised about 29.03% 
of the weight of the heart. Of this fat, the pericardial fat constituted about 
15.42% whereas the epicardial fat constituted about 13.61%.                                 
Mirgani (1991) studied the total lipids, phospholipids, triglycerides 
and total cholesterol in the heart of the camel. He presented the following 
values: the total lipids extracted are 24.2±5.7 mg/g wet tissue weight. The 
phospholipids are the main constituents of the heart lipid constituting 70% 
of the total lipids. The triglycerides constituted 21% and the total 
cholesterol 9%. Comparing the findings of Mirgani (1991) with the 
findings of the present study revealed great difference between them. In 
this work only the total lipids, phospholipids and triglycerides were 
studied. The values recorded were 8.38 mg/g, 0.19mg/g and 1.13 mg/g 
wet tissue weight respectively. All the three values are much less than 
 those given by Mirgani (1991) which were as follows: total lipids 
24.2±5.7 mg/g wet tissue weight, phospholipids 16.94 mg/g wet tissue 
weight, and triglycerides 5.08 mg/g wet tissue weight. It is rather difficult 
to interpret this discrepancy, it may be due to the small samples (one 
heart) which was used in the study of Mirgani (1991) compared to the 7 
hearts which were used in the present study.                                                                          
4.1.3.Myocardial Bridges:                             
       The muscle fibers of myocardium covering the coronary arteries or 
their branches were named myocardial bridges by Geiringer (1951). These 
bridges were extensively studied in humans using angiographic and 
dissection methods (Kosinski and Grzybiak, 2001; Chen and Lin, 2003; 
Alegria, et al., 2005; Loukas, et al., 2006; Bharambe and Arole, 2008) and 
less so in animals (Polacek and Zechmeister, 1968; Hadzielimoric, 
Secerov, Nikulin, 1974; Bezerra, et al., 1989; van Nie and Vincent, 1989; 
Taha and Abdel-Magied, 1996; Yamaguchi, Tangkawa, Muto, Nakade, 
Taniyama, Miyata, Nakayama and Hamlin, 1996; Santos, et al., 2007; 
Machado, et al., 2002; Erden, et al., 2006).                                             
       It appears that the incidence of the myocardial bridges depends 
mainly on the method of study; being low when assessed by angiography 
(Angelini, et al., 1983; Harikrishnan, et al., 1999; Soran, et al., 2009) but 
increased greatly when assessed by dissection (Polacek and Karlove, 
1961; Ferreira, et al., 1991; Reig, et al., 1990; Loukas, et al., 2006; 
Kosinski, et al., 2004; Lujinovic, et al., 2005). The low values which were 
reported in angiographic studies were possibly due to the fact that thick 
myocardial bridges perform weak compression and thus minimal systolic 
reduction of the lumen which can not be noticed by angiography 
(Channer, Bukis, Hartnell, and Rees, 1989; Ferreira, et al., 1991; and 
Lujinovic, et al., 2005). In some animals (camel, cattle) the incidence of 
myocardial bridges was 100% (Taha and Abdel-Magied, 1996; Dosantos, 
 et al., 2000). Most of myocardial bridges were associated with the anterior 
interventricular artery in humans: Loukas et al. (2006); Lima, et al. 
(2002); Bharambe and Arole (2008); Santos, et al., (2007). In the animals 
(Monkey, calves, sheep, goats, pig, dogs, seals and camel) there was a 
controversy; whereas some authors (van Nie and Vincent, 1989; Taha and 
Abdel-Magied, 1996; believed that myocardial bridges were mainly 
present on the subsinuosal interventricular branches, others (Machado et 
al., 2002; Ereden et al., 2006) were convinced that the bridges were 
present mainly on the paraconal interventricular branches. In the present 
study the myocardial bridges were classified into two types according to 
their relation with the overbridged artery. When the epicardial 
interventricular artery was overlaid partially by one or two bands of 
myocardium (Type I) then the relationship would mostly be with the 
paraconal interventricular artery. When the interventricular branch ran 
subepicardially and then dipped in the myocardium without reappearing 
(Type II) then the relationship would mostly be with the subsinuosal 
interventricular branch. 
        The incidence of myocardial bridges in the twenty dissected hearts of 
adult camels was 90%. Fifteen hearts (82.3%) showed myocardial bridges 
over both paraconal and subsinuosal interventicular arteries. The bridges 
which were associated with the paraconal interventricular artery were 
mostly of the Type I category (86.7%); Type II category represented 
(13.3%). Bridges associated with the subsinuosal interventricular artery 
were mostly of Type II category (66.7%); Type I category represented 
(33.3%). Two myocardial bridges (11.7%) were found solely in relation to 
the subsinuosal interventricular branch and the ratio of Type I to Type II 
categories was equal. Only one heart has shown myocardial bridge over 
paraconal interventricularn branch of the Type I category.  
         The present study showed the presence of myocardial bridges in the 
interventricular branches in the fetus of the camel for the first time. Eight 
out of 11 hearts had myocardial bridges (72.7%); seven hearts had 
myocardial bridges in the subsinuosal interventricular branch of Type II 
(87.5%) category; only one heart had myocardial bridges on both sides 
(12.5%).  In this heart Type I category was found over the subsinuosal 
interventriculae branch while Type II category was confined to the 
paraconal interventricular branch.  
       According to Loukas et al. (2006) the presence of myocardial bridges 
appeared to be correlated to coronary dominance. Coronary dominance 
refers to the coronary artery which furnishes the posterior interventricular 
artery in humans (as defined in the text book of Gray’s Anatomy) or the 
subsinuosal interventricular artery in animals. Since in the camel, the 
subsinuosal interventricular artery arises from the right coronary artery 
(Smuts and Benzuidenhout, 1987; Taha and Abdel-Magied, 1996) hence 
this is right coronary dominance. Therefore this explains the finding of 
Taha and Abdel-Magied (1996) that most of the myocardial bridges in the 
camel were related to the subsinuosal interventricular artery. Contrary to 
the hypothesis of Loukas et al. (2006), Bharamble and Arole (2008) found 
that the maximum incidence of myocardial bridges was observed in 
relation to the left coronary artery in the case of the right coronary 
dominance.                                                                                                    
4.1.4. The venous drainage of the heart:                                               
       There is a general consensus regarding names and distribution of the 
veins of the heart in various domestic animals (Ghoshal, 1975 a&b; Habel, 
1989; Constantinescu, 2001). The middle cardiac vein occupies the 
subsinuosal interventricular groove and it either joins the coronary sinus 
or opens directly into the right atrium. The great cardiac vein occupies the 
paraconal interventricular groove and then runs in the coronary groove 
 until it is joined by the left azygos vein to form the coronary sinus which 
opens in the right atrium ventral to the opening of the caudal vena cava. 
However, Kanan (1971) described the veins of the heart as two large veins 
and two medium-sized veins. The large veins are the middle cardiac vein 
similar to that in other domestic animals and the great coronary vein 
which corresponds to the great cardiac vein. But those being described as 
medium-sized veins which he named as right coronary and margo actus 
veins have not previously been reported. The present study does not 
support the work of Kanan (1971) but fully agrees with the report of Habel 
(1989) who also reported an intermediate vein in the intermediate groove. 
4.1.5. Cardiac innervation: 
  According to Mckibben (1975) the heart receives both sympathetic 
and parasympathetic innervation; the sympathetic cardiac nerves arise 
from the stellate ganglia whereas the parasympathetic innervation is 
furnished by the vagi and recurrent laryngeal nerves. The cranial and 
caudal vagal cardiac nerves arise from the vagus, cranial and caudal to the 
origin of the recurrent laryngeal nerves respectively. Moreover, the 
recurrent cardiac nerves are also observed to arise from the recurrent 
laryngeal nerves. This study described the parasympathetic innervation of 
the heart of the dromedary camel, showing that the cardiac nerves arose 
from the vagus nerve immediately cranial and caudal to the aortic arch at 
the vicinity of the recurrent laryngeal nerve. No recurrent cardiac nerves 
were observed as reported by Mckibben (1975) in equines and ruminants. 
All the cardiac branches which arose from the large thoracic aortic plexus 
together with branches from the vagal nerve between the esophagus and 
aortic arch, are distributed to the heart, esophagus and trachea. Smuts and 
Benzuidenhout (1987) stated that the thoracic sympathetic cardiac nerves 
arise from the third to the fifth vertebral gangilia.  
 
 4.2.Histology                                                                                                
4.2.1. Myocardial bridges and the proximal and distal ventricular 
myocardium   
       Leeson et al. (1985), Bloom and Fawcett (1986), Eurell and Frappier 
(2006);  Samuelson (2007) who studied the cardiac muscle fiber by light 
microscopy have shown that it is a linear unit composed of several cardiac 
muscle cells joined end to end by specialized junctional zones called 
intercalated discs. It is often divided partially into two or more branches at 
its ends and these branches meet with adjacent cells, or part of them, at 
intercalated discs. These intercalated discs appear as dark lines which may 
cross the fiber transversely but usually pass in an irregular, zigzag or 
steplike manner across the fibres at irregular intervals.  Between the 
fibres, but not extending into the intercalated discs, is fine connective 
tissue, the endomysium containing small blood vessels and lymphatics. 
Nuclei are elongated and situated centrally in the fiber between the 
dividing myofibrils. The sarcoplasm contains larger deposits of glycogen 
than are found in the skeletal muscle.  
Young and Heath (2000) reported that the endocardium, the inner 
most layer of the heart, consists of the endothelial lining and its 
supporting tissue. The endothelium is a single layer of flattened epithelial 
cells continuing with the endothelium of the vessels entering and leaving 
the heart. The endothelium is supported by a delicate layer of collagenous 
tissue. 
       Hegazi (1954) who described a section in the heart of the camel 
reveals that it is not unlike that of other domesticated animals. It presented 
the usual three layers, the epicardium, the myocardium and the 
endocardium. The myocardium presents cross striations, but somewhat 
larger fibers with single nuclei. 
      van Nie and Vincent (1989) have described the thickness of the 
muscular layer and the relation of the overbridged artery to the commitant 
veins. The thickness of the muscular layer is expressed by the number of 
muscle fibers and accordingly is divided into three groups: 1. 1-10 fibres; 
2. 11-50 fibres and 3. > 50 fibres. Yamaguchi, Tangkawattana, Muto, 
Nakade, Taniyama, Miyata, Nakayama and Hamlin (1996) have compared 
the structure of the muscle of the myocardial bridges with the 
subepicardial myocardium in dogs. They found that the heart is 
characterized by a distinctive special arrangement with individual fibers 
separated by substantial elements of inner cellular connective tissue in 
cross-section. Longitudinally, the long slender fibers are aligned 
continuously with intermediation of intercalated disks laying 
perpendicular to the long axis of the fibers. The present study showed no 
variations from previous accounts in the histological structure of the 
cardiac muscle whether from the bridge or from the ventricle proximal or 
distal to the bridge. However, the only variation which was noticed was 
the presence of adipose tissue in the myocardium of the bridge, but not in 
the myocardium of the ventricle proximal or distal to the bridge. 
4.2.2. Coronary arteries:                                                                       
       Alegiria et al. (2006) who studied the proximal segment of a major 
epicardial coronary artery have reported that it is more susceptible to 
development of atherosclerosis lesions because of haemodynamic 
disturbances. Kim, Seo, Na, Sun, Chio, Kim, Rha, Park and Oh (2008) 
reported that atherosclerotic changes were seen in 95.9% in the studied 
cases of myocardial bridges. Herrmann, Higano, Lenon, Rihal, and 
Lerman (2004) have stated that there were no significant differences 
between the case with myocardial bridges and the control group with 
regard to cardiovascular risk factors and medication.                                                             
 4.2.2.1. The interventricular branch of the coronary artery proximal 
and distal to the myocardial bridge                          
        The histological structure of the interventricular arteries proximal and 
distal to the myocardial bridges was similar but looked different from that 
of the coronary arteries. These arteries showed a broad tunica media 
which was made mainly of collagenous fibers rather than the elastic fibers 
which characterized the tunica media of the coronaries. Likewise the 
tunica adventitia of the interventricular arteries was also characterized by 
the presence large amounts of elastic fibres. Fair amounts of reticular 
fibers were found in the tunica media and the tunica adventitia. A thin 
layer of fat is mostly to be found between the overbridging coronary artery 
and the myocardial bridges. The present study, therefore, agrees with 
Stolte, Weis and Prestele (1977) who stated that a thin layer of fat is 
mostly to be found between the overbridging coronary artery and the 
myocardial bridges. These authors added that there is a significantly more 
atherosclerosis of the coronary proximal to the myocardial bridges than 
there is under and distal to the bridge. There is a significantly lower 
incidence of atherosclerosis in heart with myocardial bridges of left 
anterior descending coronary artery. The reason for the protective effect of 
coronary muscle bridge is still not clear.                                                                               
4.2.2.2.The segment of the interventricular branch of the coronary 
artery immediately underneath the bridges  
Al-Qarawi, AbdEl-Rahman, and El-Mougy (2002) studied a number 
of tissue enzymes and some lipids in the blood vessels of the dromedary 
camel. The tissue enzymes included: creatine kinase, alkaline 
phosphatase, alanine transaminase, aspartate transaminase, glutamyl 
transpeptidase and lactate dehydrogenase. Any damage to the major blood 
vessels could result in a significant increase in serum values becoming a 
valuable diagnostic tool for vascular diseases.                            
        In the present study it was observed that the vessel wall underneath 
the myocardial bridges is usually thin and free from degenerative 
atherosclerotic changes. The lumen of the artery is oval in shape because 
the artery is compressed by the myocardial bridge. On the other hand, the 
tunica adventitia displayed large amounts of collagen and adipose tissue 
between the artery and the myocardial bridge. This finding supports the 
finding of Dottori et al. (1993). 
4. 3. Histochemestry                                      
4.3.1. Polysaccharides:     
        Stoward (1967); Bancroft and Stevens (1990) claim that the PAS 
reaction is a useful indicator of the presence of tissue carbohydrates, and 
particularly so glycogen, when the technique incorporates a diastase 
digestion stage. This study reported a varying degree of positive reaction 
for PAS diastase resistant material and diastase digested material. The 
myocardial bridges and the ventricular myocardium proximal and distal to 
them showed a positive reaction for PAS diastase resistant material. The 
intervenrtricular branch of the coronary artery gave strong reaction in the 
tunica adventitia than the tunica intima and tunica media.  
4.3.2. Cardiac markers:    
        Cardiac markers are substances released from the heart muscle 
damaged as a result of myocardial infarction. Additionally, determining the 
levels of cardiac markers in the laboratory takes substantial time. Eisenman 
(2006) stated that the cardiac markers or cardiac enzymes are proteins that 
leak out of injured myocardial cells through their damaged cell membranes 
into the bloodstream. Until the 1980s, the enzymes glutamic oxaloacetic 
transaminase (SGOT) and lactate dehydrogenase (LDH) were used to assess 
cardiac injury. Now, the markers most widely used in detection of 
myocardial infarction are creatine kinase and cardiac troponins T and I as 
they are more specific for myocardial injury. The cardiac troponins T and I 
 which are released within 4–6 hours of an attack of myocardial infarction 
and remain elevated for up to 2 weeks, have nearly complete tissue 
specificity and are now the preferred markers for assessing myocardial 
damage.                                    
        Ross et al. (2004) stated that the most sensitive and specific test for 
myocardial damage is creatine kinase (CK). They added that other 
enzymes, including aspartate transaminase (AST), lactate dehydrogenase 
(LDH), and myoglobin (Mb), have low specificity for myocardial 
infarction and are less used than the other markers kinetics of cardiac 
markers in myocardial infarction with or without reperfusion treatment. 
The results of the creatine kinase (CK) analysis in 7 blood samples of the 
camels with myocardial bridges in this study ranged between 25-48 I/U. 
There were no reports in the available literature about the normal values of 
this enzyme in the camel. 
        According to Brandt, Filzmaier and Hanrath (2001), serum cardiac 
troponin I concentrations increase in several types of myocardial injury 
because of leakage from the damaged myocardial cells. In humans, release 
of cardiac troponin I from the heart into the systemic circulation in acute 
pericarditis is representative of inflammatory myocardial cell damage. 
O'Brien, Smith, Knechtel (2006) studied the measurement of cardiac 
troponin I in various animal species, they found that it is a useful 
biomarker of myocardial injury. Tunca, Sozmen, Erdogan, Citil, Uzlu, 
Ozen and Gokce (2008) studied the changes of the cardiac troponin I 
expression in blood and tissue during the myocardial degeneration in 
calves with foot-and-mouth disease (FMD); the rapid cardiac troponin I 
assay kit revealed that all cases were cardiac troponin I positive as 
indicated by the 2 colored lines appearing in the test window; controls 
were negative. Cardiac troponin I levels were measured by a commercially 
 available enzyme-linked immunosorbent assay kit; mean cardiac troponin 
I (14.8 ± 1.9 ng/ml) concentration.  
         Mockel et al. (1999) stated that moderate elevation of cardiac 
troponins is common in clinically stable patients with renal disease and are 
neither diagnostic for an acute coronary syndrome nor predictive of the 
outcome. They concluded that increased troponins in asymptomatic renal 
patient are of questionable value for risk stratification, most probably due to 
unspecific elevations. The method which used in this study gave positive 
and negative results; only one sample gave a positive result which may be 
due to another reason since the same sample gave low value (28 I/U) of 
creatine kinase.   
4.3.3. Alkaline and acid phosphatases:                                                                     
 These enzymes are capable of hydrolyzing organic phosphate esters. 
They are classified on the basis of their optimal PH levels; those that exhibit 
maximum activity at PH 9.0 were termed alkaline phosphatases; while those 
whose peak was around PH 5.0 were called acid phosphatase; these enzymes 
were located in cell membranes in the kidney and many other tissues. In the 
present study the heart tissue gave negative reaction.  
 
 
 
 
 
 
 
 
 
 
 Conclusion 
1. The heart of the dromedary camel (adult, fetus) is noticeably 
covered by pronounced amounts of fat. 
2. The weight of the dromedary heart ranged between 1.3-3.7 kg; the 
pericardial fat weight about 0.32 kg; the epicardial fat weight about 
0.36 kg and the total fat weight ranged between 0.25-1.03 kg. 
3. The heart tissue showed that the percentage of the total lipids about 
0.84%  and the triglycerides and phospholipids percentage about 
0.11% and 0.019% respectively. 
4. The fat may presumably be mobilized during starvation or 
dehydration to provide energy and water. 
5. Both coronary arteries originated from the aortic sinuses just like in 
other mammals.  
6. The pattern of distribution of coronary arteries is a right coronary 
pattern similar to that in the horse. 
7. Anomaly of the right coronary artery was observed in one heart of 
the adult camels. The anomalous artery divided into two major 
branches caudal and cranial. The caudal branch of the right 
coronary artery assumed a peculiar course by running ventrally and 
caudally around the origin of the pulmonary trunk to reach the 
paraconal interventricular groove at its middle. Then it descended 
further in this groove to turn again cranially almost reaching the 
right subsinuosal groove. 
8. Myocardial bridges were found in 90% of dissected adult hearts, 
and 72.7% of dissected fetus hearts.  
9. Myocardial bridges were classified into two types according to their 
relation with the overbridged artery. In Type I, the descending 
interventricular subsinuosal or paraconal branches were bridged by 
one or two bands of cardiac muscle, Type II, the descending 
 interventricular subsinuosal or paraconal branches were noticed to 
dip in the myocardium without reappearing. 
10. The venous drainage of the dromedary heart consisted of two main 
veins; the great cardiac and the middle cardiac veins. 
11. The parasympathetic innervation of the dromedary heart was from 
the cranial and caudal cardiac nerves of the vagus nerve which 
arose cranial and caudal to the aortic arch. 
12. Myocardial bridges and the proximal and distal ventricular 
myocardium were histologically similar except that large amounts 
of adipose tissue were observed in and around the myocardial 
bridges. 
13. The coronary arteries were elastic arteries but the interventricular 
arteries were not. The tunica adventitia of the interventricular 
arteries was broad and was studded with elastic fibers. . 
14. The segment of the interventricular artery under the myocardial 
bridges has compressed tunics and oval lumen. 
15. Myocardial bridges and the myocardium proximal and distal to 
them had positive PAS reaction. 
16. Creatine kinase (CK) values ranged between 25-48 I/U. 
17. Cardiac troponin (T) positive reaction was observed in only one 
sample out of 7. 
18.  No acid or alkaline phosphatases were detected in the cardiac 
muscle. 
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Legends of figures 
 
 
 
 Fig.1. Photograph of a heart of the dromedary camel showing that the 
heart is broad shape at the coronary groove (CG), narrower at the 
middle and rounded at the apex. Note the fat covering the coronary 
groove and the apex. A; aorta, LA; left atrium, LG; left longitudinal 
groove, LV; left ventricle, RV; right ventricle.  
  
  
  
Fig.2. Photograph of a heart of the dromedary camel displaying the heaps 
of fat covering the pericardium.  
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Fig.3. Photograph of a heart of the dromedary camel demonstrating the fat 
covering the myocardium leaving few areas (stars) devoid of fat, 
CG: coronary groove, LG: left longitudinal groove, LV; left 
ventricle, RA; right atrium, RV; right ventricle. 
 
  
  
 
Fig.4. Photograph of a heart of a fetus of the dromedary camel (295 days 
of pregnancy) revealing the fat covering the coronary and 
interventricular grooves (arrows). LV; left ventricle, RA; right 
atrium, RV; right ventricle. 
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Fig.5. Photograph of a dissection of the heart of the dromedary camel 
demonstrating the right coronary artery (RC) and its main branches 
subsinuosal and caudal (arrows). RA; right atrium, RV; right 
ventricle.  
 
 
  
 
 
Fig.6. Photograph of a dissection of the heart of the dromedary camel 
showing the subsinuosal interventricular branch dividing into 
cranial (arrow) and caudal (arrow head) branches. LV, left ventricle, 
RC, right coronary artery, RV, right ventricle, myocardial bridge 
(dotted line) Type I between the two stars, Type II double arrows 
head. 
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 Fig.7. Photograph of a dissection of the heart of the dromedary camel in 
which the left coronary artery was injected with red vinyl acetate. 
At its origin it is funnel-shaped (arrow head). It bifurcates into a 
paraconal interventricular artery (P) and a circumflex artery (C). A; 
aorta, LA; left atrium, LV; left ventricle, PT; pulmonary trunk, RV; 
right ventricle.  
 
 
 
 
Fig.8. Photograph of a dissection of the cranial aspect of the heart of the 
dromedary camel revealing the two divisions of the right coronary 
artery. The cranial branch (arrow head) runs in the coronary groove, 
the caudal branch (arrow) is unusual; it descends ventrally and 
caudally until it reaches the paraconal interventricular groove 
(PCG) at its middle and then continues distally in the groove. A; 
aorta, LV; left ventricle, PT; pulmonary trunk, RV; right ventricle. 
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 Fig.9. Photograph of a dissection of the heart of the dromedary camel 
demonstrating the last part of the peculiar branch of the right 
coronary artery (arrow) which is mentioned in Fig.8. It shows Type 
I myocardial bridge (about 2 mm wide), between arrow heads. RV; 
right ventricle.  
 
 
 
 
 
 
 
 
 
 
Fig.10. Photograph of a dissection of the heart of the dromedary camel 
showing the right coronary artery (arrow) and its subsinuosal 
interventricular branch (arrow head) which descends in the 
subsinuosal groove. LV; left ventricle, RA; right atrium, RV; right 
ventricle. 
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 Fig.11. Photograph of a dissection of the heart of the dromedary camel 
demonstrating the subsinuosal interventricular branch (arrow) 
dividing into two branches, cranial (CB) and caudal (CAB). Two 
myocardial bridges of the Type I category (dotted lines) are related 
to the caudal branch and a myocardial bridge of Type II category 
(arrow head) in which the artery dips into the myocardium without 
reappearing. LV; left ventricle, RV; right ventricle.   
 
 
 
 
 
 
 
Fig.12. Photograph of a dissection of the left aspect of the same heart 
shown in Fig.8. Note that the left coronary artery (arrow) runs 
laterally and caudally between the pulmonary trunk (PT) and the 
left auricle (LA). The division of the artery into paraconal 
interventricular (PI) and the left circumflex (LC) arteries occurred a 
little bit caudal to the usual position (*) at the level of the paraconal 
interventricular groove (PG). Note also that the paraconal 
interventricular artery runs parallel and caudal to the paraconal 
groove and furnishes branches (arrows heads) to the left ventricle 
(LV) but not to the right ventricle (RV). A; aorta. 
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 Fig.13. Photograph of a dissection of the left aspect of the heart of the 
dromedary camel exhibiting the paraconal interventricular branch 
(arrow) covered by myocardial bridge (between the forceps) of the 
Type I category (about 1 cm wide) in the lower third of the 
paraconal groove and showing large amounts of fat covering the 
myocardium. LV; left ventricle, RV; right ventricle.  
 
 
 
 
 
 
 
 
 
Fig.14. Photograph of a dissection of the left aspect of the heart of the 
dromedary camel showing two myocardial bridges (dotted lines) of 
the Type I category on the paraconal interventricualr artery (arrow 
head); one is located in the middle third and the other in the distal 
third of the artery (each one is about 2 cm wide). LA; left ventricle, 
RV; right ventricle. 
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Fig.15. Photograph of a dissection of the left aspect of the heart presenting 
a wide myocardial bridge (about 7 cm) of Type I category (dotted 
line between the two forceps). LV; left ventricle, RA; right atrium, 
RV; right ventricle. 
 
 
 
 
 
 
 
 
 
Fig.16. Photograph of a dissection of the right aspect of the heart of the 
dromedary camel revealing a myocardial bridge (arrow head) of the 
Type two category over the distal third of the subsinuosal 
interventricular artery (arrow). LV; left ventricle, RV; right 
ventricle.  
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Fig.17. Photograph of a dissection of the right aspect of the heart of the 
dromedary camel revealing a myocardial bridge of the Type II 
category over the proximal third of the subsinuosal interventricular 
artery. The arrow points to the site where the artery dips into the 
myocardium. LV; left ventricle, RV; right ventricle.  
 
 
 
 
 
 
 
 
 
Fig.18. Photograph of a dissection of the right aspect of the heart of the 
dromedary camel displaying myocardial bridges on each of the two 
divisions of the subsinuosal interventricular artery (SI). Both 
bridges are of the Type II category since both cranial (arrow) and 
caudal (arrow head) branches dip in the myocardium without 
reappearing. That on the cranial branch is located at the middle third 
but that on the caudal branch is located on the distal third. LV; left 
ventricle, RV; right ventricle. 
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 Fig.19. Photograph of a dissection of the right aspect of the heart of the 
dromedary camel verifying the subsinuosal interventricular branch 
and its cranial (c) and caudal (Ca) branches covered by Type II 
myocardial bridge, in the proximal part of the subsinuosal groove. 
Note that the arrows points to the sites where the cranial and caudal 
branches dip in the myocardium. LV; left ventricle, RV; right 
ventricle. 
 
 
 
 
 
 
 
 
 
Fig.20. Photograph of a dissection of the right aspect of the heart of a 
fetus of the dromedary camel showing that the subsinuosal 
interventricular branch (SI) is covered by the Type II myocardial 
bridge in the middle part of the subsinuosal groove. The arrow 
points to the site where the artery dips in the myocardium. (Arrow 
head); the caudal branch of the right coronary artery, LV; left 
ventricle, RV; right ventricle. 
 
 
 
 
 
 
  
  
  
Fig.19 
 
 
 
Fig.20 
 
 
 Fig.21. Photograph of a heart of the dromedary camel showing the great 
cardiac vein (arrow) covered by a myocardial bridge Type I 
category (circle) in the distal third of the paraconal groove; A; aorta, 
CG; coronary groove, LG; left longitudinal groove, LV; left 
ventricle, RA; right atrium, RV; right ventricle. 
 
 
 
 
 
 
 
 
 
 
Fig.22. Photograph of a dissection of the heart of the dromedary camel 
exhibiting the great cardiac vein (GCV) in the upper part of the 
paraconal groove (arrows), it runs first caudally and then cranially 
in the coronary groove (CG) to gain access in the right side of the 
heart. LA; left atrium, LV; left ventricle. 
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 Fig.23. Photograph of a dissection of the right aspect of the heart of the 
dromedary camel demonstrating the union of the great cardiac vein 
(GCV) with the left azygos vein (arrow) to form the coronary sinus 
(CS). Note also that the middle cardiac vein (MCV) ascends in the 
subsinuosal interventricular groove and finally opens in the 
coronary sinus. LV; left ventricle, RA; right atrium, RV; right 
ventricle.   
 
 
 
 
 
 
 
 
 
Fig.24. Photograph of a dissection of the thoracic cavity of a fetus of the 
dromedary camel (330 days of pregnancy) showing the cranial 
(arrow) and caudal (CN) nerves originating from the vagus nerve 
(V). B; brachiocephalic trunk, D; diaphragm, E; esophagus, H; 
heart, T; thymus gland, TA; thoracic aorta. 
 
 
 
 
 
 
 
 
  
 
Fig.23 
 
 
 
 
Fig.24 
 
 
 
 Fig.25. Photograph of a dissection of the thoracic cavity of a fetus of the 
dromedary camel (330 days of pregnancy) showing the caudal 
cardiac nerve (two arrows) originating from the vagus nerve 
immediately caudal to the origin of the recurrent laryngeal nerve 
(arrow). B; brachiocephalic trunk, D; diaphragm, E; esophagus, H; 
heart, P; phrenic nerve, T; thymus gland, TA; thoracic aorta, V; 
vagus.  
   
 
 
 
 
 
   
 
Fig.26. Photomicrograph of the myocardium proximal to the bridge. Note 
the branching of the cardiac muscle cells (arrows) and their ends 
binding to each other (arrow heads). H&E (X40).  
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 Fig.27. Photomicrograph of the myocardial bridge revealing the presence 
of small amounts of adipose tissue (AT). H&E (X10). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.28. Photomicrograph of the myocardial bridge displaying large 
amounts of adipose tissue (AT). H&E (X10). 
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 Fig.29. Photomicrograph of the myocardial bridge showing the collagen 
fibers (arrow) between the cardiac muscle cells. Van Gieson’s 
(X10). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.30. Photomicrograph of the myocardial bridge showing the reticular 
fibers (arrows) between the cardiac muscle cells. Gordon and Sweet 
(X10). 
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 Fig.31. Photomicrograph of the coronary artery showing the irregular 
appearance of the tunica intima (I), large amounts of elastic fibers 
(black colour) in the tunica media (M) and adventitia (A). Verhoff’s 
(X4). 
 
 
 
 
 
 
 
 
 
 
 
Fig.32. Photomicrograph of the coronary artery exhibiting the irregular 
appearance of the tunica intima (I), large amounts of collagen fibers 
(arrows) in the tunica adventitia (A), and few amounts of collagen 
fibers in the tunica media (M). Van Gieson’s (X4). 
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Fig.33. Photomicrograph of the interventricular branch of the coronary 
artery proximal to the myocardial bridge presenting large amounts 
of collagen fibres (arrow) in the tunica media (M) and tunica 
adventitia (A) in different directions. I; tunica intima. Van Gieson’s 
(X40). 
 
 
 
 
 
 
 
 
 
 
Fig.34. Photomicrograph of the interventricular branch of the coronary 
artery proximal to the myocardial bridge showing large amounts of 
elastic fibres (arrows) in the tunica adventitia (A). Note that there 
are some elastic fibres (arrows) in the tunica intima and tunica 
media (M). Gomori’s Aldehyde fuchsin (X10). 
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 Fig.35. Photomicrograph of the interventricular branch of the coronary 
artery proximal to the myocardial bridge showing the large amounts 
of reticular fibers (arrows) in the tunica media (M). A; Tunica 
adventitia, I; Tunica intema. Gordon and Sween (X40). 
 
 
 
 
 
 
 
 
 
 
Fig.36. Photomicrograph of the interventricular branch of the coronary 
artery immediately underneath the bridge. Note that there are large 
number of adipocytes (AC) in between the artery (IB) and the 
myocardial bridge (MB). L; lumen. H&E (X4). 
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 Fig.37. Photomicrograph of the interventricular branch of the coronary 
artery immediately underneath the bridge. Note that there are large 
numbers of adipocytes (AC) and collagen fibers (arrows) in 
between the artery (IB) and the myocardial bridge (MB). L; lumen. 
Van Gieson’s (X4). 
 
 
 
 
 
 
 
 
 
 
Fig.38. Photomicrograph of the interventricular branch of the coronary 
artery (IB) immediately underneath the bridge. Note that large 
amounts of collagen fibers (arrows) are present between the artery 
(IB) and the myocardial bridge (MB). L; lumen. Van Gieson’s 
(X10). 
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 Fig.39. Photomicrograph of the myocardial bridge. PAS-positive material 
is shown in the myofibers and around the adipocytes (arrow). 
Periodic acid- Schiff (X40)   
 
 
 
 
 
 
 
 
 
 
Fig.40. Adjacent control section to that of Fig. (39). The PAS-positive 
material is shown in the myocytes and around the adipocytes. 
Periodic acid- Schiff (X40).       
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 Fig.41. Photomicrograph of the cardiac muscle proximal to the myocardial 
bridge. The PAS-positive material is shown in the myofibers and 
around the adipocytes (arrow). Periodic acid- Schiff (X40).   
  
 
 
 
 
 
 
 
 
 
 
Fig.42. Adjacent control section to that of Fig. (41). The PAS-positive 
material is shown in the myocytes. Periodic acid- Schiff (X40).       
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 Fig.43. Photomicrograph of the cardiac muscle distal to the myocardial 
bridge. The PAS-positive material is shown in the myofibers 
(arrow). Periodic acid- Schiff (X40).  
 
 
 
 
 
 
 
 
 
 
 
Fig.44. Adjacent control section to that of Fig. (43). The PAS-positive 
material is shown in the myocytes. Periodic acid- Schiff (X40).       
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 Fig.45. Photomicrograph of the interventricular branch proximal to the 
myocardial bridge. The PAS-positive material is shown in the 
tunica adventitia (A); the tunica intima (I) and the tunica media (M) 
showing unreactive. Periodic acid- Schiff (X40).         
 
 
 
 
 
 
 
 
 
 
 
Fig.46. Photomicrograph of the myocardial bridge showing negative 
reaction of alkaline phosphatase. Gomori’s and Lillie stain (X40). 
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 Fig.47. Photomicrograph of the myocardial bridge showing negative 
reaction of acid phosphatase. Gomori’s stain (X40) 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
   
 
Fig.47 
